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ABSTRACT 
AN EXAMINATION OF AGGRESSIVE BEHAVIOR IN INDO-PACIFIC 
BOTTLENOSE DOLPHINS (TURSIOPS ADUNCUS) 
by Lauren E. Miller 
May 2010 
Agonistic behavior is often observed in animal groups in which individuals have 
long-term relationships. Although bottlenose dolphins (Tursiops sp.) are known to 
behave aggressively, relatively little is known about such behavior among wild animals. 
Much of the data on delphiilid aggression comes from captive studies, and is likely biased 
by the limited space available to the animals. In this study, video data collected from 
1997 to 2007 were analyzed to examine aggressive behaviors in a wild population of 
Indo-Pacific bottlenose dolphins (Tursiops aduncus) off the coast ofMikura Island, 
Japan. The purpose of the study was to determine if age class, sex, approach angle, and 
body posture influenced aggression within this population. The area of the recipient's 
body towards which aggression was directed was also examined to determine which body 
parts were most commonly attacked, if any. Neither age class nor sex predicted t11e type 
of aggressive behavior nor influenced the duration of the aggressive bout. However, 
adult initiators aggressed more toward females than males. Additionally, bouts involving 
females were more likely to consist of a more severe type of aggression, regardless of 
whether the involved female was the initiator or the receiver of the aggressive act. Head-
to-head approaches were directed most often toward the rostrum, while perpendicular 
approaches were most often directed toward the sides. Additional research on other wild 
ii 
populations is needed in order to clarify the generality of these findings and the overall 
significance of behavioral context on aggressive behavior in dolphins. 
iii 
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CHAPTER I 
INTRODUCTION 
Animal Communication 
1 
Communication is essential for the maintenance of animal societies (Hauser, 
1996) and successful transmission of information from one animal to another is necessary 
for coordinated social organization (Smith, 1991). While there are many differing 
definitions, the general consensus is that communication consists of exchanges of 
information via a signal between a sender and a receiver that serve to meet common goals 
and promote cohesiveness in group-liv ing species (Bradbury & Vehrencamp, 1998; 
Vauclair, 1996). Communication among mammals occurs via a variety of modes: 
gestural and postural, vocal, chemical, tactile, facial expressions, etc. (Hauser, 1996). 
Determining how communication plays a role in the maintenance and management of 
social relationships and coordination of behavior among individuals of a group is crucial. 
to understanding social behavior (Dudzinski, Douaze, & Thomas, 2002; Smith, 1990). 
When studying communication, it is important to observe the mode of the signal, 
the medium in which the signal is transmitted, the mechanisms of signal production, and 
the function of the signal. The signal is the means by which the sender and receiver 
exchange or communicate information. More specifically, a signal can be defined as 
"any action or trait generated by the sender which provides information used by the 
receiver" (Bradbury & Vehrencamp, 1998, p. 355). The purpose of a signal, therefore, is 
to influence the behavior of the receiver (Cullen, 1972). Signals can express very 
specific information (such as with the honeybee dance, Apis mellifera; von Frisch, 1967) 
or can transmit more general information. Signals can convey information about the 
identity of the signaler (species, age, sex), information about their status and mood 
( dominance, fear, aggressive motivation), or information about their environment or 
behavioral context (predators, food location, mating) (Bradbury & Vehrencamp, 1998; 
Hauser, 1996; Marler, 1967; Philips & Austad, 1990). 
Many factors can influence the message of a sender's signal. Among these are 
location, age, sex, past experience, the sender' s relationship with the receiver, 
reproductive status, environmental factors, and the presence of conspecifics (Cullen, 
1972; Dudzinski et al. , 2002; Smith, 1991). Likewise, the interpretation of signals can 
depend on similar factors about the receiver. Thus, the meaning of a signal is highly 
dependent on context (Marler, 1967; Smith, 1990). The same signal given in a different 
part of the signaler' s territory may evoke a different response from a receiver than it 
would if it had been given elsewhere (Cullen, 1972). In this case, the spatial context 
could make the difference between a threat provoking an attack or provoking escape by 
the receiver. A jaw pop from a dolphin might be used to warn an intruder in one 
situation, but might also be used to discipline a young animal in another situation 
(Dudzinki et al., 2002) Signals are often accentuated by other behaviors (Dudzinski et 
al. , 2002) and can also be varied and combined to modify the information they express 
(Smith, 1990). In this way, a limited number of signals can express a vast array of 
meanings. For example, a gesture may elicit different responses when associated with 
different sounds (for primates, Altmann, 1967; for dolphins, Dudzinski et al. , 2002). 
Different species also use different types of signals, which can involve any of the sense 
modalities, either singly or in combination (Cullen, 1972), and may enhance the message 
of the signal (Dudzinski, 1998a, 1998b). 
Different lifestyles impose different restraints on signal exchange and 
communication. Different sensory modalities have certain inherent advantages and 
2 
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disadvantages that are reflected in the particular functions that they serve (Marler, 1967). 
Sensory modes employed by mammals when communicating include chemical (i.e. taste 
and olfaction), mechanical (i.e. tactile and acoustic), visual, and electromagnetic (Hauser, 
1996; Herman & Tavolga, 1980; Smith, 1986). Most terrestrial mammals have evolved 
signals in nearly all of these modes, some stronger than others. However, marine 
mammals employ these modes of communication differently from that of terrestrial 
mammals due to the limitations of their environment. Transmission of signals in water 
varies depending on temperature, salinity, clarity, depth, ambient noise, and surface and 
bottom reflections (Herman & Tavolga, 1980). 
One factor that influences the successful transmission of a signal exchange is the 
distance between the sender and receiver (Bradbury & Vehrencamp, 1998; Marler, 1967). 
Sound in water travels 4.5 times faster than in air, whereas the distance light travels is 
greatly affected by water depth and the particulate matter suspended within the water 
column (Cullen, 1972; Dudzinski et al., 2002). In the ocean, assessment of visual signals 
is more difficult the farther apart the sender and receiver, which is why sound is a more 
effective means of transmission over long distances and visual, postural, and tactile 
signals are more effective forms of short-range communication (Bradbury & 
Vehrencamp, 1998; Cullen, 1972; Dudzinski et al., 2002). Because of these constraints 
of living in an aquatic environment, communication among marine mammals is primarily 
achieved by acoustic, tactile, and visual modalities (Dudzinski et al. , 2002). 
Additionally, the use of some of these modes of communication can differ between 
populations and environments (Paulos, Dudzinski, & Kuczaj, 2008). 
4 
Tactile Communication in Cetaceans 
Touch is one of the most important means by which cetaceans communicate 
(Caldwell & Caldwell, 1977). Cetaceans have well-developed skin sensitivity because of 
rich innervations, particularly in the jaw, fluke, and along the ventral side (Simpson & 
Gardner, 1972). For this reason, many scientists and trainers believe that tactile 
stimulation is reinforcing and rewarding (Pepper & Beach, 1972; Reynolds & Rommell, 
1999), such that captive dolphins can be trained using touch alone (Defran & Pryor, 
1980). Extensive touching and rubbing occurs among both captive and free-ranging 
animals in a variety of contexts. It is likely that these tactile signals can be modified to 
increase or alter the content of information (Dudzinski et al., 2002), although exactly how 
this intricate contextual signaling functions remains unclear. 
Because dolphins live in fission-fusion societies and form smaller sub-groups 
within large groups, they probably have different levels of interaction based on individual 
associations and activities within each group type and size (Dudzinksi, 1996; Norris & 
Dohl, 1980; Norris & Schilt, 1988). Touching is advantageous to large groups that often 
form smaller subgroups for foraging, resting, or traveling (Johnson & Norris, 1994). In 
these large groups, tactile contact may facilitate social bonds and might also re-acquaint 
individuals with other group members. Paulos et al. (2008) found that touch was more 
likely to be used after an Atlantic spotted dolphin (Stenellafrontalis) individual joined 
another than before an individual departed. Touch after joining has also been 
documented in other delphinid species (for bottlenose dolphins, Tursiops aduncus, 
Saayman & Tayler, 1972; Wursig & Wilrsig, 1979; for killer whales, Orcinus orca, 
Jacobsen, 1986). 
In touching between the sexes, male bottlenose dolphins more often assume the 
"rubber" role, while females serve as the "rubbees" (Sakai, Hishii, Takeda, & Kohshima, 
2006). Kaplan and Connor (2007) found that Atlantic spotted dolphin females use their 
pectoral fins more than males when initiating contact, whereas males use their head 
significantly more when initiating contact. However, males of this species are more 
commonly the initiators of tactile contact, while females are more commonly the 
receivers of such contact (Dudzinski, 1998a), although females engage in significantly 
more exchanges of tactile contact than males (Dudzinski, 1998b; Dudzinski, Gregg, 
Ribic, & Kuczaj , 2009). 
5 
Ideas about the use of tactile signals include the use of mechanoreception to 
coordinate movements with each other: "Mechanoreception, particularly pressure 
sensitivity, might enable dolphins to perceive and give signals relating to movement, 
facilitating their ability to synchronize even complex patterns of activity" (Pryor, 1990, p. 
542). Pryor argues that mechanoreception of water pressure and movement might play a 
vital role in maintaining inter-animal distance, which is a key indicator of the association 
between individuals. For example, small inter-animal distance can indicate close or long-
term associations (Pryor, 1990), as is typical between females and their calves, juvenile 
bands, and adult male pair bonds. Such closely associated individuals often swim 
synchronously, which, in the case of male alliances, could be correlated with mating 
success (Connor, Smolker, & Bejder, 2006b ). Mechanoreception might enable these 
individuals to perceive and give signals relating to their movement, in turn facilitating 
their ability to synchronize their behavior (Pryor, 1990). 
6 
Affiliative Tactile Contact 
Affiliation among bottlenose dolphin species is outwardly expressed by 
proximity, physical contact, and synchronous movement (Connor et al., 2006b; Pryor, 
1990). Affiliative contact is assumed to strengthen bonds between highly associated 
individuals, but might also indicate the presence and strength of the bond between 
individuals in order to ward off predators or aggressive conspecifics. The strongest 
bonds among adults (at least as reflected by association patterns) are between males that 
form complex hierarchical alliances to monopolize females. Individuals in these male 
alliances herd females and cooperate in conflicts with other alliances over access to 
females (Connor, Smolker, & Richards, 1992a; Connor et al., 2006b). Female 
associations with other individuals except their calves are weaker and more variable. 
Adult females change affiliates as their reproductive state changes (Connor, Wells, Mann, 
& Read, 2000), since having a large number of affiliates will better accommodate a 
reproductive female's chances of having an associate in the population who is in the same 
reproductive state as she is. 
Grooming and other forms of tactile contact strengthen bonds between individuals 
in alliances and lasting relationships in a number of species (for jackals, Canis sp., 
Moehlman, 1987) and often lead to cooperative behavior among non-kin as well (for 
vervet monkeys, Chlorocebus pygerythrus, Seyfarth & Cheney, 1984; for various other 
non-human primates, de Waal, 1989). Grooming in impala (Aepyceros melampus) is 
highly reciprocal and grooming bouts are often directed to areas the receiver cannot 
easily reach on its own (Hart & Hart, 1992). Unlike many other species, impala 
grooming does not seem to be influenced by dominance or kinship. However, grooming 
rates in vervet monkeys are directly correlated with dominance and alliance formation 
(and therefore, are not usually reciprocated) (Seyfarth, 1980). In vervet monkeys, high-
ranking animals receive more (and initiate less) grooming than other individuals. 
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As in non-human primate grooming, tactile contact between dolphins could 
function in the establishment and maintenance of close social bonds (Seyfarth, 1980), or 
as a form of stress reduction (Cheney & Seyfarth, 1990), reconciliation ( de Waal & van 
Roosmalen, 1979), or territoriality (Halloran & Bekoff, 1995). Touching is common 
between females and their young, among groups of juveniles, and between males and 
females (Pryor, 1990). Amongst mother-calf dyads, contact is nearly constant, as the pair 
often swims in echelon, with the calf's pectoral fin resting on the mother's flank. Contact 
swimming also occurs in other dolphin dyads. For example, two dolphins may swim in 
close proximity with one resting its pectoral fin against the side of the other (Dudzinski et 
al., 2009; Sakai et al., 2006). Connor, Mann, and Watson-Capps (2006a) proposed that 
such contact swimming might occur in any context where it is important for one female 
to signal to another, either due to male harassment or in attempts to reduce stress. They 
also suggested that contact swimming might communicate more specific information 
about the quality of the bond or nature of the affiliative context ( e.g., support during a 
conflict) to other animals. 
Body rubbing and rostral or fluke contact is another way dolphins might show 
affiliation (Pryor, 1990). Rubbing is any general tactile contact between individuals in 
which at least one animal is moving, while contact refers to any general tactile contact 
between non-motile individuals (i.e. there is a clear beginning and end to the touch) or 
between individuals moving at the same speed and in the same direction. Petting, also 
known as flipper-rubbing, occurs when one dolphin gently rubs the pectoral fin of 
another with its pectoral fin and has been interpreted as a tactile behavior analogous to 
8 
grooming among non-human primates (Dudzinski, 1998a; Mann & Smuts, 1999). 
Rubbing and petting are commonly observed between closely bonded individuals 
(Dudzinski et al., 2009; Herzing, 1993; Mann & Smuts, 1999). Often, the role of 
"rubber" and "rubbee" is interchangeable in such interactions (Sakai et al. , 2006), 
suggesting that rubbing is indeed an affiliative behavior in which the paiticipants 
exchange some benefit in turns. One important factor to consider during rubbing bouts is 
the posture of the animals involved. The "rub bee" might change its orientation in the 
water column so as to solicit contact from the "rubber" on a particular area of the body. 
This would make sense in situations in which the " rubber" is subordinate to the " rubbee" 
in a dominance llierai-chy. 
Rubbing has many suggested purposes. It has been observed in dolphins that 
have joined groups, suggesting a form of greeting (Paulos et al. , 2008). Rubbing could 
also function to strengthen social bonds among interacting dolphins or to indicate to 
others that the rubbing pair have a close association (Dudzinski, 1998a). Observations of 
wild populations of Hawaiian spinner dolphins (Stenella longirostris) indicate that 
rubbing bouts are much shorter and more variable than in captive populations, likely 
because multiple partners are available in the wild and there is a continual testing of the 
strength of the relationship and, hence, frequent partner switches (Johnson & Norris, 
1994). Perhaps the simplest explanation for rubbing, however, is that it simply feels 
good. Sakai et al. (2006) proposed that rubbing among bottlenose dolphins might be an 
effecti ve way to remove any old skin from the body surface, similar to ectoparasite 
removal in impala (Hart & Hart, 1992) and non-human primates. 
Petting occurs when dolphins rub their pectoral fins and has been observed most 
often when dolphins have been separated by time or distance, and may be a form of 
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greeting, similar to a hug or handshake in humans (Dudzinski, 1996, Dudzinski et al., 
2008; Paulos et al., 2008). Petting may also be a form of appeasement used to quiet 
excited or startled individuals. Dudzinski (1998) observed adults petting calves or 
juveniles that had just been engaged in fast and erratic swimming or heightened play 
amongst each other. Ridgway and Carder (1990) found that most petting in captive 
bottlenose dolphins is directed towards the melon, pectoral fins, or side, as these are some 
of the most sensitive parts of a dolphin's body. Kolchin and Bel'kovich (1973) found the 
areas of greatest sensitivity to touch to be around the eye and blowhole, followed by the 
rostrum, lower jaw, and melon. A study conducted with Indo-Pacific bottlenose dolphins 
(Tursiops aduncus) around Mikura Island found that the body parts most commonly 
associated with flipper rubbing were the lateral side, face, dorsal side, ventral side, and 
genital area, respectively (Sakai et al., 2006). Kaplan and Connor (2007) found that 
juvenile Atlantic spotted dolphins initiated more contact with their flukes and pectoral 
fins and received more contact to their lateral and dorsal sides and peduncles. 
Sex differences also play a role in determining which parts of the body are used to 
initiate contact. Kaplan and Connor (2007) reported that males most often initiated 
tactile interactions with their heads while females used their pectoral fins more when 
initiating contact. Yet, there were no significant differences between the sexes when 
comparing body parts receiving tactile contact. Other studies of affiliative tactile contact 
among Atlantic spotted dolphins in the Bahamas have shown differences in tactile contact 
based on the sex and age class of the individuals involved. Dudzinski (1998; et al. , 2009) 
reported that the majority of tactile contact is initiated towards and received from the 
same sex and more time is spent interacting with individuals of the same age class. 
When affiliative tactile contact was measured for the bottlenose dolphin population of 
10 
Mikura, age class was found to play a significant role in the direction of tactile behaviors. 
Adults initiated more contact with other adults than with all other age classes and 
subadults initiated contact with other subadults five to 25 times more than with all other 
age classes (Dudzinski et al., 2009). 
Aggressive Behavior 
Aggressive behavior occurs in a variety of contexts (Norris, 1967). Aggression 
resu lting from conflicts between two individuals could damage their relationship and 
jeopardize any benefits that might be associated with the relationship (de Waal, 1996, 
2000). Aureli, Cords, and van Schaik (2002) define aggression as "behavior directed at 
members of the same species to cause physical injury or to warn of impending actions of 
this nature" (p. 326). For gregarious animals, like the bottlenose dolphin, conflicts of 
interest may counteract the benefits of group living, especially when conflict escalates 
into aggression (Aureli et al., 2002), whether it is actual physical contact, threat displays, 
or aggressive posturing. 
The severity of aggression could be dependent on the relationship between the 
individuals involved, as has been found for competing ant species, rormica xerophila 
and F. integroides (Tanner & Adler, 2009). Kinship can also be a strong predictor of 
which animals will interfere in an agonistic bout (Ehardt & Bernstein, 1992). More 
closely associated individuals may not fight as often as less closely associated individuals 
and their aggressive bouts may be shorter in duration and less severe (i.e. more postural 
disp lays versus physical aggressive acts such as ramming or biting). 
According to King (1973), the frequency of social interactions and individual 
recognition is often associated with population density, which may explain increases in 
agonistic behavior. In other words, larger groups of animals will often fight more than 
11 
smaller groups of animals simply because there are more of them (Tanner, 2006), though 
this does not necessarily indicate an increased rate of aggression. Polygynous animal 
societies are apt to produce intense male-male aggression. Since agonistic interactions 
are often directly associated with reproductive success within these polygynous societies, 
males are generally the more aggressive sex and, hence, the initiators of aggressive 
interactions. Sex differences in competitive behavior are more likely to occur in groups 
in which individuals have long-term relationships based on gender and individual 
recognition (Samuels & Gifford, 1997). In the northern e.lephant seal (Mirounga 
angustirostris), fighting among males often indirectly determines access to females 
(Christenson & LeBoeuf, 1978), as is the case with harbor seals, Phoca vilulina 
(Sullivan, 1982). In many non-human primate species, higher-ranking males exhibit 
more aggressive behavior than lower-ranking males (Nunn, 2000). Furthermore, because 
initiating a fight can increase an individual 's likelihood of "winning," many dominant 
individuals are more aggressive (Tanner & Adler, 2009). In rhesus monkeys (Macaca 
mulatta), adolescent males receive significantly more aggression than any other age-sex 
class, whereas adult males receive significantly less (Ehardt & Bernstein, 1992). 
However, age and sex have not been shown to influence aggressive bouts among spotted 
hyenas, Crocuta crocuta (Zabel, Glickman, Frank, Woodmansee, & Keppel, 1992). 
Although there are no documented differences among delphinids with respect to the types 
of aggression displayed between the sexes, large males are considered the most 
aggressive (Caldwell & Caldwell, 1977), most frequently directing aggressive behavior at 
peers and immature males (Dudzinski et al. , 2002; Samuels & Gifford, 1997; Scott, 
Mann, Watson-Capps, Sargeant, & Connor, 2005). 
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Interactions between females are rarely aggressive in captive bottlenose dolphins 
(Samuels & Gifford, 1997) and a study of mothers and their newborn calves revealed 
very low rates of aggression between adult females (Mann & Smuts, 1999). This absence 
of aggression among females may be indicative of their high tolerance of other 
individuals around resources, such as food and mates (Scott et al., 2005). 
Aggressive Tactile Contact 
Physical contact among delphinids can be aggressive in situations in which 
animals attempt to establish or maintain dominance, protect their young, defend 
resources, or secure sexual partners (Caldwell & Caldwell, 1977; Dudzinski et al. , 2002; 
Paulos et al., 2008). Aggression in bottlenose dolphins can take many forms and can be 
isolated incidences or occur in a sequence. An individual may threaten another with a 
distinct ' S' posture (Johnson & Norris, 1994; Pryor, 1990), in which the dolphin' s head is 
up and chest is down, peduncle up and fluke down, creating an arching ' S' shape with its 
body to make the approaching dolphin look bigger and more threatening (Wursig, 
Kieckhefer, & Jefferson, 1990). In Atlantic spotted dolphins, this behavior is most 
common among subadults within the context of aggression, while juveniles are more 
likely to do so during play (Dudzinski, 1996, 1998a; Herzing, 1996). Such age 
differences have also been shown to affect the distribution of aggressive frequencies in 
the bottlenose dolphin ( e.g., Samuels & Gifford, 1997). 
Low-intensity aggressive behaviors (i.e. no physical contact) include the jaw clap 
(a rapid opening and closing of the jaws), blowing bubbles (Stenella sp., Tursiops 
truncatus, Herzing, 1993, 2000; Hector's dolphins, Cephalorhynchus hectori, Slooten, 
1994), and the head jerk (a rapid lateral or vertical jerk of the head) (Connor et al., 1992a; 
Connor, Smolker, & Richards, 1992b). Or a dolphin may charge at another, accelerating 
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rapidly and then veering off suddenly before contact (Connor, Richards, Smolker, & 
Mann, 1996). Bubble production in and of itself, however, is not inherently aggressive, 
though Dudzinski (1996) observed bubble trails and bubble streams when dolphins were 
fast swimming or in head-to-head orientation. Likewise, Pryor and Kang-Shallenberger 
(1980) observed Pantropical spotted dolphins (S. attenuata) producing bubbles and 
bubble rings during aggressive interactions. In this case, bubbles might function as 
camouflage or disguise, causing the recipient to underestimate the actual size of the 
bubble-producing dolphin (Dudzinski, 1996). 
Behaviors such as breaching and fluke slapping often are used during more 
aggressive exchanges and, for this reason, have been suggested to indicate irritation or 
anger (Defran & Pryor, 1980; Dudzinski et al. , 2002; Herzing, 2000). Intense physical 
violence includes biting, tooth-raking, hitting (with the rostrum, melon, pectoral fins, or 
peduncle and fluke; Connor et al., 1992b; Norris, 1967; Parsons, Durban, Claridge, 
Balcomb, & Noble, 2003), or body slamming (impacting another dolphin at high speeds 
with the lateral or dorsal side; Connor et al. , 1992b; Samuels & Gifford, 1997). 
However, it is important to consider the context in which these behaviors occur, 
as oftentimes behaviors that are normally seen as aggressive can also be used during play 
bouts. Bubbles are a prime example. Often dolphins will produce bubbles for the sole 
purpose of playing with them ( e.g., Marten, Shariff, Psarakos, & White, 1996; McCowan, 
Marino, Vance, Walke, & Reiss, 2000). Similarly, tooth raking, another potentially 
aggressive behavior, is common between young animals during play. Juvenile Atlantic 
spotted dolphins exhibit more play behavior than other age classes, often characterized by 
mock fighting behaviors (Dudzinski, 1996). Play among younger animals might function 
in the formation of long-term social attachments and may serve as "practice" in 
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developing skills used in intraspecific competition (Bekoff, 1984; Fagen, 1981). In 
rhesus monkeys, the most severe forms of physical aggression are directed towards kin 
(particularly younger animals), but this aggression declines in frequency and severity as 
the recipients mature, supporting a socialization hypothesis that "the expression of 
aggression becomes less severe as the behavior of maturing animals is shaped into 
patterns which minimize conflicts and increase cooperative interaction" (Ehardt & 
Bernstein, 1992, p. 96). 
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Additionally, the posture of an animal can often signal intent and demeanor and 
provide insight to the meaning of the signal. When displayed by itself, the 'S' posture 
may be aggressive but if combined with an oblique angle of approach and presentation of 
the genital region, it is often indicative of play (Dudzinski, 1998a; WUrsig et al. , 1990). 
Consequences of Aggression 
The consequences of aggressive conflicts include periods of high risk for 
individuals involved in the confrontation, especialJy for recipients of aggression. For 
some social species, recipients of aggression are more likely to be attacked again by the 
original aggressor during the period immediately following the attack (for long-tailed 
macaques, Macacafasicularis, AureJj , 1992; Cords, 1992; for meerkats, Suricata 
suricatta, Kutsukake & Clutton-Brock, 2008; for chacma baboons, Papio cynocephalus 
ursinus, Silk, 1996; for patas monkeys, Erythrocebus patas, York & Rowell, 1988). 
Other group members are also more likely to attack the former recipient of aggression 
(Aureli, van Schaik, & van Hooff, 1989). Additionally, victims of aggression could also 
experience an altered emotional state following a conflict. This emotional distress is a 
suggested consequence of the unce1tainty about the future of the relationship, associated 
with the risk of future attacks (Aureli et al. , 1989). 
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Recipients might also experience negative ecological consequences, such as in the 
case of the wild long-tailed macaque, which spends less time foraging after an aggressive 
conflict (Aureli, Cordischi, Cozzolino, & Scucchi, 1992). Long-term negative 
consequences impacting social relationships have also been reported amongst Japanese 
macaques (Macacajuscata) (Koyama, 2001) and meerkats (Kutsukake & Clutton-Brock, 
2008). 
Conflict Management 
Knowledge of how animals manage their conflicts is critical for understanding the 
dynamics of social relationships. Aureli et al. (2002) define conflict as "a situation that 
arises when individuals act according to incompatible goals, interests, or attitudes" 
(p.326). Conflict of interest occurs in many contexts in the lives of animals and may 
establish or maintain hierarchies that mediate competition within species over resources, 
such as mates or food (Aureli et al., 2002; Connor et al., 2000; Smuts & Smuts, 1993; 
Sullivan, 1982). Group-living animals could also disagree about the direction of travel 
(Menzel, 1993) or the allocation of time to different activities. Exchanges of aggressive 
behavior between individuals can arise from such conflicts. Because of the variety of 
negative consequences that can result from aggressive acts, behavioral mechanisms that 
mitigate such conflicts, prevent aggressive escalation, and resolve disputes should be 
strongly selected for in cetaceans and other gregarious animals living in dynamic social 
groups (Aw-eli & de Waal, 2000). 
Dolphins live within structured social groups, where communication is essential 
for the maintenance of social structure and the promotion of group cohesiveness (Norris 
& Dohl, 1980; Norris & Schilt, 1988). Therefore, dolphins are particularly dependent on 
the social group in which they live, maintaining long-term social associations despite 
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engaging in intraspecific conflict (Weaver, 2003). Bottlenose dolphins live in .a fi ssion-
fusion society, in which individuals associate in small groups that change in composition, 
often on a daily or hourly basis. Unlike animals that live in groups of static composition, 
social relationships in a fission-fusion society are dynamic and depend strongly on the 
social context (Connor et al., 2000). Aggression and social conflict are expected among 
highly social animals that depend on cooperation, such as dolphins. Consequently, 
individuals must restrain aggressive acts in order to gain the benefits of group living 
(Aureli et al., 2002) and are likely to reconcile after a conflict in order to maintain their 
social groups and the associated benefits of group living (Samuels & Flaherty, 2000; 
Tamaki, Tadamichi, & Michihiro, 2006; Weaver, 2003). 
Among delphinids, aggressive displays have been observed in alternation with 
bouts of affiliative contact (Dudzinski, 1998a), an indication of reconciliation. In 
Atlantic spotted dolphins, Dudzinski (1998a) observed groups engaged in highly 
aggressive behaviors swimming synchronously ( a sign of affiliation) in between 
aggressive bouts, during which much petting and affiliative rubbing occurred. Similarly, 
Tamaki et al. (2006) found that flipper-rubbing occurred more frequently in the post-
conflict period immediately following an aggressive bout than prior to the bout. In 
addition, latency to aggression was significantly longer after periods of post-conflict 
affiliative behavior, such as flipper-rubbing, indicating that such post-conflict tactile 
contact could serve to reduce the likelihood of another aggressive event. 
Current Study 
Much cetacean research is often limited to groups that are in captivity or easily 
accessible from boat or shore. Surface or near-surface observations of wild cetaceans fail 
to capture the intricacies of their social behavior. Underwater observations can provide a 
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better and more detailed understanding of wild dolphin intraspecific interactions, 
including agonistic behavior (e.g., Dudzinski, 1998b; Dudzinski, Clark, & Wtirsig, 1995; 
Herzing, 1996). Much of the data on delphinid aggression comes from captive studies, 
and is likely biased by the limited space available to the animals. In the wild, victims can 
avoid the recurrence of conflict by maintaining distance from their aggressor(s) or by 
leaving the group (Matsumura, 1996), which could lower the occurrence of reconciliatory 
behavior, as was found in meerkats (Kutsukake & Clutton-Brock, 2008). 
This study examines aggressive behaviors among individuals in a population of 
wild Indo-Pacific bottlenose dolphins. Particular emphasis is placed on tactile contact 
and any sex or age class differences of individuals involved in the aggressive action(s). 
This study addresses three main questions: 
1) Are there age class, sex, or postural differences in the type or frequency of 
aggression displayed? 
2) What areas of the recipient's body are most commonly involved in aggressive 
tactile contact? 
3) Is the duration of the aggressive bout related to any of the above factors (age 
class, sex, posture, or attacked body parts)? 
Examining the type and amounts of aggression that different age classes engage in 
can provide information on the developmental use of certain signals (Dudzinski, 1996). 
It was expected that younger males Uuveniles and subadults) would be the most common 
initiators of aggressive behavior ( e.g. , Caldwell & Caldwell, 1977; Dudzinski et al. , 2002; 
Samuels & Gifford, 1997; Scott, Mann, Watson-Capps, Sargeant, & Connor, 2005). The 
aggressive bouts of these males might be longer and involve more severe aggression than 
older males or females of any age, since males are usually the more aggressive sex 
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(Caldwell & Caldwell, 1977). It was also expected that most aggressive tactile behavior 
will be directed towards the most sensitive areas of the dolphin' s body: the face, melon, 
and pectoral fins (Kolchin & Bel'kovich, 1973; Ridgway & Carder, 1990), as has been 
found in other species such as the red-backed salamander, Plethodon cinereus (Jaeger, 
1981). The duration ofan aggressive bout could be dependent on the basis of the 
situation in which the attack occurs, the history of the individual initiating the attack, the 
type of aggression displayed in the bout, and any resulting consequences with reference 
to the recipient of aggression (Blanchard & Blanchard, 1977). Of course, all of these 
factors likely influence more than just the duration of the bout, such as type and severity 
of aggression and the body part(s) towards which aggression is directed. 
Answers to these questions will provide a better understanding of conflict among 
wild bottlenose dolphins and can be used as a basis for comparison amongst other 
species. Although cetaceans are suitable subjects for comparisons across species (Mann, 
2000), additional research on other wild populations is needed in order to clarify the 
overall significance of behavioral context on dolphin aggressive behavior. 
CHAPTER II 
METHODS 
Subjects 
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In this study, video data collected with an underwater camera system (see 
Dudzinski et al., 1995) from 1997 to 2007 ( as part of a long-term, longitudinal study of 
dolphins around Mikura Island, Japan) were analyzed to assess the aggressive behaviors 
of a wi ld population of Inda-Pacific bottlenose dolphins. Video was filmed 
opportunistically when dolphins were visible underwater utilizing a focal follow and all-
occurrence sampling method (Altmann, 1974). Factors limiting visibility included poor 
weather, sea, and visibility conditions (Dudzinski et al., 2009). 
This bottlenose dolphin group is resident to the area within 300 m of Mikura 
Island, Japan (Appendix A). The population consists of roughly 165 identified dolphins 
in video recorded from 1994-2005 (Kogi, Hishii, Imamura, Iwatani, & Dudzinski, 2004). 
Mikura Island is a dormant volcanic island roughly 200 m south of Tokyo with a 
circumference of 16.4 km, and is characterized by a boulder-strewn seatloor with depths 
ranging from 2 to 60 m at 2 to 250 m from shore, respectively. Underwater visibility in 
this area is often less than 15 m (Kogi et al. , 2004). The decision to use these data was 
based on the availability of information regarding confirmed identification of the 
dolphins on video. 
All animals involved were identified by age class and sex, following the 
definitions outlined by Kogi et al. (2004). Four age classes (adult, subadult, juvenile, and 
calf) were identified and used to categorize individual dolphins within the population. 
Calves are roughly half the size of an adult, have no spots, minimal to no scarring, and 
are regularly observed in the company of their mothers. Calves are classified as juveniles 
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typically one year after being first observed. Juveniles are roughly two-thirds the size 
(length and girth) of an adult, have not yet begun to develop spots, have begun to acquire 
scars, are frequently observed with their mothers, and are a light-gray color. Subadults 
are roughly similar in length to an adult but with less girth, have begun to develop spots 
ventrally, and no longer associate with their mothers. Adults have larger girth, are 
spotted ventrally (Kakuda et al ., 2002), possess many scars, and are a darker gray color. 
Female adults are classified as such once they have given birth to a calf 
Since data were collected during swim encounters, the presence of humans in the 
water could have affected dolphin behavior; however, data used in this study were 
collected as non-invasively as possible. Swimmers were urged to follow a code of 
conduct when swimming with dolphins, which included no chasing, no touching, and no 
direct approaches to the dolphins. Swimmers were also asked not to initiate interaction 
with the dolphins. This population of dolphins was investigated by the Mikurajima 
Bandoiruka Kenkyukai from 1994 to 2005 and has been observed by The Mikura Island 
Bottlenose Dolphin Research Group since that time. Because this population is 
habituated to human swimmers, it was assumed that any effect that the presence of 
swimmers had on dolphin behavior was minimal. Prior research using the broad 
behavioral contexts (BBC) of this population has confirmed little to no effect of human 
swimmers (Dudzinski, personal communication, 2008). 
Behavioral Measures 
All behavioral events within each aggressive bout (beginning 15 s before the first 
aggressive act and lasting through 15 s following the last aggressive act, see Appendix B) 
were scored using a behavioral ethogram. If the aggressive opponents were not in view 
of the camera for the entire 15 s before and after, the duration of the bout was necessarily 
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restricted to the portion of time before and after aggressive behavior that the opponents 
were visible on camera. To reduce the chances that seemingly aggressive behaviors were 
actually instances of play, all instances of aggressive behavior occurring during the 
primary or secondary broad behavioral context (BBC) of play were excluded from the 
analyses (see Appendix C). The BBC of the group of dolphins being recorded was 
determined at the time of data collection and was categorized into five categories: social, 
foraging, play, travel, and inquisitive (Dudzinski, 1998a). 
Aggressive behavioral data were coded using all-occurrence and focal event 
sampling (Altmann, 1974) with terms operationally defined to reduce confusion and 
variability in the coding process (Table 1 ). 
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Table 1 
Aggressive Behaviors and Their Operational Definitions 
AGGRESSIVE BEHAVIORS 
Threat Displays 
Mouth 
Jaw pop/clap 
S posture 
Head jerk 
Physical Contact 
Bite 
Rake 
Hit 
Body slam 
one dolphin opens its mouth directed at another dolphin 
rapid opening and closing of the jaws directed at another 
dolphin, often audible 
dolphin's head up and chest down, peduncle up and fluke 
down 
single rapid lateral or vertical jerk of the head in response to 
another dolphin 
abrupt forceful contact with another using the teeth, sometimes 
resulting in rake marks 
dolphin makes forceful contact with another dolphin by 
rubbing/sliding its open jaws along another dolphin 
dolphin makes abrupt and forceful contact with another using 
its rostrum, melon, pectoral fins, peduncle, or fluke 
one dolphin impacts another against its lateral, dorsal, or 
ventral side at high speed 
Each aggressive event within a bout was coded in a frame-by-frame format, using 
CyberLink PowerDVD 9 at 30 frames per second. An aggressive event was said to begin 
at the exact frame the first aggressive act was initiated between two or more animals and 
ended at the exact frame when the animals involved separated or ceased aggressive 
behavior, or moved out of view of the camera (Appendix B). Only the first frame of all 
individual aggressive events within each bout from the video data was analyzed. This 
was done to prevent data replication, given that the same individuals in an event often 
initiate multiple postures and aggress towards multiple body parts, while still allowing 
detailed analyses of aggressive behaviors. The dolphin body was divided into 12 parts 
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( Fig. I) in order to examine whether certain areas of the body were more likely to receive 
aggressive contact. 
Meton / Fke 
Ocnal stde 
~ 
Lateral side Oa"Salftn / 
'-.... / 
.. I 
L 
---. ·---
/ ,I 
Pecllncle 
I 
I 
Rost!Um 
-----
------- I 
-!<:'-_~.,-------- . 
--- -- / ~-
Gffllal a!ff Kee: / c i.n / Vennls,de/Bety 
PectOl'II !n 
Figure 1. Division of recipient dolphin 's body into 12 parts. Adapted from Scott et al. 
(2005) and Sakai et al . (2006). 
Frame-by-frame analysis made it possible to closely observe the behavior of each 
dolphin and its role in the aggressive bout. Each animaJ that was involved in an 
aggressive event was coded as either the initiator or the recipient, depending on its initial 
role in the interaction. The posture of both initiators and receivers was categorized with 
respect to its position in the water column. Dolphin posture during the eJ'Jtire duration of 
the bout was categorized into the following types: horizontal, left, right, ventral, head up, 
and fluke up. Ho1izontal was defined as a posture in which the dolphin ' s ventral side is 
parallel to the sea floor and "facing" down. A posture in which one pectoral fin is kept 
up and the other is parallel to the sea floor was classified as either right (right side down 
toward sea floor) or left (left side down toward sea floor). Ventral posture was defined as 
the dolphin horizontal with the ventral side up and dorsal side down toward the sea floor. 
Head up and fluke up postures related to the dolphins in a vertical position in the water 
column with its head up or fluke up, respectively. These postural categorizations were 
based on previous work done by Dudzinski et al. (2008). 
Additionally, the initiating dolphin's angle of approach towards the recipient 
dolphin was noted as either direct, oblique, head-to-head, or perpendicular (Table 2). 
Table 2 
Approach Angles and Their Operational Definitions 
ANGLE OF APPROACH 
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Direct approaching dolphin's body is directly behind the recipient dolphin's 
body 
Head-to-Head approaching dolphin is facing recipient dolphin head on (frontal direct) 
Oblique approaching dolphin's body is at any angle other than O or 90 degrees 
with respect to the recipient dolphin' s body 
Perpendicular approaching dolphin's body is at a 90 degree angle with respect to the 
recipient dolphin's body 
The series of aggressive events that occurred within each bout were scored in 
chronological order as one sequence, with the time recorded for each individual event, so 
as to observe any potential behavioral patterns. To determine the likelihood of a behavior 
preceding or succeeding an aggressive act, all behavioral transitions between an 
aggressive and non-aggressive behavioral event for each individual involved in an 
aggressive bout were entered into a matrix (Appendix D). For a description of non-
aggressive behaviors see Table 3. 
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Table 3 
Categorical Breakdown of Non-Aggressive Behaviors Seen 15s Pre- and 15s Post-
Aggression 
SWIM 
Solo (stay) 
Solo (away) 
Separate 
Surface (solo) 
Surface 
(synchronous) 
Pair swim 
Group swim 
DIRECTED 
Chase/pursue 
Avoid/flee 
Orient 
Sexual 
dolphin swims alone, but with the same posture and in the 
same direction as other individuals in view 
dolphin swims away from and in the opposite direction of other 
dolphins in view; leaves camera view 
dolphins swims alone, but in a different direction from other 
dolphins in view; does not leave view of camera 
dolphin breaks the surface of the water alone or separately 
from others 
2 or more dolphins break the surface of the water at the same 
time 
2 dolphins swim in the same direction within one body length 
of each other 
3 or more dolphins swim in the same direction within one body 
length of each other 
rapid and persistent or steady pursuit of another dolphin 
abrupt, rapid, and immediate departure in response to action of 
another dolphin; oftentimes as the result of a chase 
one dolphin looks in the direction of or directly at another 
dolphin 
dolphin displays sexual behavior (usually in the form of an 
erection) towards another 
Table 3 ( continued). 
GENERAL 
Sink 
Bubbles 
Open mouth 
Dive down 
Group Social 
Ball 
TACTILE 
Rub 
Contact 
MISCELLANEOUS 
Out of Sight/ 
Unidentifiable 
dolphin is vertical in the water column and slowly, 
motionlessly "sinking" to the bottom 
dolphin produces bubbles 
dolphin opens and closes mouth repetitively, but in a non-
directed and non-aggressive manner 
dolphin is fluke up in the water column swimming down 
toward the sea floor 
2 or more dolphins swim around each other and appear to be 
"wrestling," such that it is extremely difficult to identify the 
individual behaviors in which each dolphin is engaged 
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one dolphin rubs its body ( or a part of its body) against another 
dolphin 
one dolphin touches its body or a pa1t of its body against 
another dolphin's body or body part 
dolphin moves out of view of the camera or the observer's 
view is obscured by bubbles, poor water visibility, or another 
animal 
Statistical Analyses 
Chi-square analyses were used to detem1ine whether or not a significant 
association existed between the age class, sex, or posture of the individuals involved and 
the type of aggression displayed. Further Chi-square analyses were then performed to 
examine the distribution of aggression types towards certain body parts. Chi-square 
analysis was also used to calculate any relationship between duration and aggression 
type, age class, and sex for each individual aggressive event as well as for aggressive 
bouts as a whole. 
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To determine the likelihood of a behavior preceding or succeeding an aggressive 
act, sequential dependency was calculated between all behavioral categories and each 
possible aggressive behavior using a transitional probability matrix, following the 
binomial procedure outlined in Gettman and Bakeman (1979). Transitional probabilities 
were calculated based on equal probabilities of a particular behavior preceding or 
succeeding one aggressive behavior versus any other aggressive behavior. This same 
procedure was also used to calculate transitional probabilities amongst postural and body 
part changes within an individual aggressive event. Correlation between any of these 
postural and body part changes was calculated using Phi coefficient analysis. 
Reliability 
Inter-observer reliability was assessed by having three additional trained 
observers review and code a random sample of the data in a frame-by-frame format. For 
an example of single-frame still shots see Appendix E. Such a format proved crucial to 
obtaining accurate reliability because of the many times the dolphins involved in the bout 
changed their posture or orientation to each other, often within a fraction of a second. 
Reliability was calculated using Cohen's kappa for posture (of both the initiator 
and receiver), approach angle, aggression type, and body part for individual frames 
chosen at random from the 97 different aggressive events observed. While reliability 
values for each of these variables ranged from 81 % agreement to 95% agreement, the 
overall value of kappa was found to be 0.88, indicating a high degree of agreement 
between the three observers and the principle investigator. 
CHAPTERIIl 
RESULTS 
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There was a total of 97 individual aggressive events spanning 27 aggressive bouts 
for the 10 years of video analyzed (Table 4). All instances of observed aggression were 
between dyads; no polaydic aggressive events were observed over the course of the 27 
bouts. The duration of these bouts ranged from less than 30 s to just over 2 min. A total 
of 23 confirmed IDs were made out of the approximately 45 dolphins involved in one or 
more of the 27 aggressive bouts. This is an approximate estimate because there is no way 
to confirm that unidentified individuals were involved in only one bout. Therefore, there 
is the potential for pseudo-replication. Additionally, four of the 23 identified animals 
were involved in more than one aggressive bout. Because the analyses focused on 
overall differences within and between bouts and not individual behavioral differences 
for identified animals, the effects of any replication in this regard were assumed to be 
minimal. 
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Table 4 
Duration of All Observed Bouts and Number of Aggressive 
Events within Each Bout 
Bout Number of 
Bout Duration Events 
Number {min:sec}* Within Bout 
1 0:11 - 0:20 2 
2 0:21 - 0:30 4 
3 0:01 - 0:10 6 
4 0:01 - 0:10 1 
5 0:01 - 0:10 2 
6 0:01 - 0: 10 4 
7 0:01 - 0:10 1 
8 0:01 - 0:10 2 
9 0:31 - 0:40 7 
10 < 0:01 1 
11 < 0:01 1 
12 0:11 - 0:20 3 
13 0:11 - 0:20 4 
14 > 1:00 17 
15 0:11 - 0:20 7 
16 0:01 - 0:10 2 
17 0:01 - 0:10 1 
18 0:21 - 0:30 6 
19 < 0:01 1 
Table 4 ( continued). 
Bout 
Bout Duration 
Number (min:sec)* 
20 0:01 -0:10 
21 0:01 - 0:10 
22 0:01 - 0: 10 
23 0:01 - 0: 10 
24 0:41 - 0:50 
25 < 0:01 
26 0:21 - 0:30 
27 0:01 - 0: 10 
Number of 
Events 
Within Bout 
1 
2 
2 
1 
12 
4 
2 
Note. Times are given as a range since it was often-
difficult to determine the exact lengt11 of a bout because 
so many events within tliat bout were less tlrnn one 
second (and U1erefore approximated). 
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Because mouthjng and biting were both observed at a rugher frequency than any 
of the other aggressive behavioral categories, Kolgomorov-Smirnov z (96) = 5.14, p < 
0.01, but were also significantly different from each other, Kolgomorov-Smirnov z (84) = 
3.22,p < 0.01 (Fig. 2), all other instances of aggression were collapsed into one collective 
catego1y of "other," meaning any type of aggression other than mouthing or biting. 
Comparisons were then made between biting and mouthing, biting and "other," and 
mouthing and "other." The analyses that follow are based on the first frame of each 
individual aggressive event unless otherwise specified. 
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Age 
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Of the assumed 45 individuals, the age class breakdown was as follows: zero 
calves, four juveniles, 26 subadults, seven adults, and eight animals of unidentified age. 
Since there were few instances of aggression involving juveniles and no instances of 
aggression involving calves, Kolgomorov-Smirnov z (186) = 5.92, p < 0.01 (Fig. 3), these 
two age classes were merged into one category to be compared with subadults and adults. 
Individuals of unknown age were eliminated from the analysis. 
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Figure 3. Frequency distribution of initiator and receiver ages. 
Chi-square analyses revealed that neither the age of the initiator or receiver were 
related to mouthing or biting when compared to all other types of aggression or when 
mouthing and biting were compared against each other (Table 5). 
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Table 5 
Standardized Residuals (z-scores) for Each Age Class and Aggression Type 
Comparison 
Mouth VS Bite VS Mouth VS 
Other Other Bite 
Mouth Other Bite Other Mouth Bite 
Initiator Age 
calf/juvenile .26 -.23 -.43 .39 .36 -.35 
subadult -.35 .31 .08 -.08 -.23 .22 
adult .61 -.53 .09 -.08 .25 -.25 
Receiver Age 
calf/juvenile -.22 .19 .18 -.16 -.20 .20 
subadult .60 -.51 -.1 7 .16 .39 -.37 
adult -.81 .70 .17 -.15 -.53 .51 
Additional comparisons were made between the age class of the initiator and age 
class of the receiver. Chi-square analysis showed that age class of the receiver was not 
related to the age class of the initiating dolphin, x2 (2, N = 97) = 3.26,p = 0.52 (Table 6). 
However, there was a significant relationship between the age class of the initiator and 
the sex of the receiver (Table 7). An adult initiator is more likely to aggress towards a 
female than a male, x2 (2, N = 14) = 11.58, p < 0.0 l. There was no significant difference 
between the sex of the receiver and subadult or calf/juvenile initiators. 
Table 7 
Table 6 
Standardized Residuals (z-scores) for Receiver Age by 
Initiator Age 
Initiator Age 
Calf/Juvenile Subadult Adult 
Receiver Age 
Calf/Juvenile 
-.68 .26 -.13 
Subadult 
.55 -.49 .71 
Adult 
-.49 -.49 -1.03 
Standardized Residuals (z-scores) for Initiator Age/Sex by Receiver Sex 
Initiator Sex Initiator Age 
Male Female Calf/Juvenile Subadult Adult 
Receiver Sex 
Male .55 -.48 -.79 1.31 -2.25 
Female -.40 .35 .60 -.98 1.69* 
* p < 0.01 
Sex 
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There were a total of 89 aggressive events for which initiator sex was identifiable 
(Fig. 4) . Within these 89 instances, there were a total of 51 females and 38 males, 
Kolgomorov-Smimov z (88) = 3.56, p < 0.01. Chi-square analyses found no sex 
differences among initiating dolphins for mouthing or biting when compared to all other 
aggression types or when comparing mouthing and biting exclusively (Table 8). 
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Figure 4. Frequency distribution of aggression type by initiator sex. 
Table 8 
Standardized Residuals (z-scores) for Each Sex and Aggression Type 
Comparison 
Mouth VS Other Bite VS Other Mouth VS Bite 
Mouth Other Bite Other Mouth Bite 
Initiator Sex 
Male .69 -.59 -1.08 1.00 .92 -.89 
Female -.59 .5 1 .93 -.86 -.76 .73 
Receiver Sex 
Male 1.28 -1.05 -1.47 1.39 1.45 -1.34 
Female -.95* .78 1.09** -1.03 -1.05 .97** 
* p < 0.05 
** p:::0.01 
35 
1DBite 
, • Mouth 
1 
o Other ' 
36 
There were a total of 87 aggressive events for which receiver sex was identifiable: 
56 females and 31 males, Kolgomorov-Smirnov z (86) = 3.86, p < 0.01. The distribution 
of these occurrences can be seen in Figure 5. When mouthing was compared to all other 
types of aggression (''other" and biting), it was directed more toward females, x-2 (1 , N = 
35) = 4.28, p < 0.05 (Table 8). When biting was compared to all other types of 
aggression ("other" and mouthing), it was also more likely to be directed towards 
females, x2 (1, N =41) = 6.33, p S 0.01 (Table 8). When mouthing and biting were 
compared exclusively, analysis revealed a significant relationship between the sex of the 
receiving dolphin and biting, x2 (1 , N = 76) = 5.95,p S 0.01 , indicating that, when biting 
occurred, it was more likely to be directed towards females (78%) than males (22%) 
(Table 8). However, no such sex difference was observed for mouthing. Taken together, 
these results demonstrate that females more often receive mouthing and biting versus any 
other aggression type, but are more likely to receive biting than mouthing. 
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Figure 5. Frequency distribution of aggression type by receiver sex. 
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Additional comparisons using Chi-square were made between the sex of the 
initiator and sex of the receiver. Sex of the receiver was not related to the sex of the 
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initiating dolphin, x2 (1 , N = 87) = .80, p = 0.37 (Table 9). Further Chi-square analysis 
revealed that there was also no relationship between the sex of the initiator and the age of 
the receiver, x2 (12 N = 86) = 4.70, p = 0.10 (Table 9). See Figure 6 for a distribution of 
these occurrences. 
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Table 9 
Standardized Residuals (z-scores) for Receiver Age/Sex by Initiator Sex 
Receiver Sex Receiver Age 
Male Female Calf/Juvenile Subadult 
Initiator Sex 
Male .55 -.40 -.74 1.02 
Female -.48 .35 .63 -.87 
Male Female 
Initiator Sex 
Adult 
-1.07 
.91 
o Calf/Ju-..enile 
• Subadult 
oAdult 
Figure 6. Frequency distribution of receiver age by initiator sex. 
Posture 
A horizontal posture was the most common orientation for initiators (39%), 
Kolgomorov-Smimov z (96) = 3.90, p < 0.01 , and receivers (34%), Kolgomorov-
Smimov z (96) = 4.05,p < 0.01 (Fig. 7). 
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Figure 7. Frequency distribution of initiator and receiver postures. 
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Chi-square analysis showed no significant results for all three comparisons 
(mouthing VS other, biting VS other, mouthing VS biting) (Table 10), indicating that 
posture (of either the initiator or receiver) does not play a role in determining the type of 
aggression. 
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Table 10 
Standardized Residuals (z-scores) for Posture and Aggression Type 
Comparison 
Mouth VS Bite VS Mouth VS 
Other Other Bite 
Mouth Other Bite Other Mouth Bite 
Initiator 
Horizontal .73 -.63 -1.02 .93 .91 -.88 
Ventral -.60 .51 .69 -.63 -.64 .62 
Right -1.30 1. 11 1.24 -1.13 -1 .29 1.25 
Left -.92 .79 .95 -.86 -.95 .91 
Fluke Up .19 -. 16 -.36 .32 .28 -.27 
Head Up .86 -.73 -.19 .17 .50 -.49 
Receiver 
Horizontal -.20 .17 .48 -.45 -.34 .31 
Ventral -.08 .06 -.87 .82 .44 -.40 
Right -.10 .08 .62 -.59 -.34 .31 
Left -.18 .15 -.09 .08 -.05 .05 
Fluke Up .72 -.59 -.48 .45 .62 -.57 
Head Up -.31 .25 .36 -.34 -.34 .31 
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Duration of Bout 
Of the 27 bouts, 18 (67%) were confounded in duration by one or both of the 
opponents leaving the view of the camera. This means that the duration of only nine 
bouts was calculated using a full 15 s before and after the starting and ending event 
within the bout. The durations of the remainder of the bouts were restricted to the times 
before the sta1ting aggressive event and after the ending aggressive event that the 
opponents were in view of the camera. The sex and age of the involved individuals were 
then compared with the duration of the bout. For the 19 aggressive bouts in which sex of 
both the initiator and receiver was identifiable, Chi-square analyses showed that there 
was no significant difference in the duration of the aggressive bout based on whether the 
involved individuals were both male, both female, or a combination of the sexes (Fig. 8), 
although bouts between males never exceeded 40 sin length . 
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Figure 8. Duration of aggressive bout by sex of involved individuals. 
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Likewise, there was no difference in the duration of an individual aggressive 
event for all 81 events in which sex of both the initiator and receiver was identifiable 
based on whether the involved individuals were both male, both female, or a combination 
of the sexes (Fig. 9). 
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Figure 9. Duration of individual aggressive events by sex of involved individuals. 
Additionally, for the 24 bouts in which age was identifiable for both the initiator 
and receiver, it was found that the duration of the bout was not significantly affected by 
the age of the involved individuals. Chi-square analysis showed that there was no 
significant difference in the length of the bout between calves/juveniles, subadults, adults, 
or any combination of the age classes (Fig. 10). However, because there was only one 
bout exclusively between adults and no bouts involving exclusively calves/juveniles, 
comparisons were only made between subadult bouts and bouts comprised of a 
combination of the age classes. 
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Figure JO. Duration of aggressive bout by age class of involved individuals. 
Likewise, there was no difference in the duration of an individual aggressive 
event for all 90 events in which age class of both the initiator and receiver was 
identifiable based on whether the individuals involved were subadults or a combination 
of age classes (Fig. 11). 
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Figure 11. Duration of individual aggressive events by age class of involved 
individuals. 
Chi-square analysis also revealed no relationship between type of aggression 
displayed and the duration of each individual aggressive event within a bout, x2 (2, N = 
97) = 18. 74, p = 0.18 (Fig. 12), indicating that one type of aggression does not last 
significantly longer than any other type of aggression. 
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Figure 12. Duration of aggressive acts by aggression type. 
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Chi-square analysis showed that there was no significant relationship between the 
angle of approach used by the initiator and the aggression type, x2 (2, N = 97) = 10.15, p 
= 0.12 (Table 11). For a distribution of these occurrences please see Figure 13. 
Table 11 
Standardized Residuals (z-scores) for Approach Angle 
and Aggression Type Comparison 
Angle of Al!l!roach Mouth Bite Other 
Direct 1.01 -1.35 .72 
Oblique 
-.33 .15 .32 
Perpendicular -.64 1.28 -1.27 
Head to Head 1.19 -1.22 .14 
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Figure 13. Angle of approach by aggression type for all 97 aggressive events. 
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Additionally, neither the initiator' s age, x2 (2, N = 93) = 14.37, p = 0.03, nor the 
recipient's posture in the water column, r.: (5, N = 93) = 19.46,p = 0.19, was related to 
the angle of approach used by the initiator (Table 12). However, initiators of all three age 
groups were more likely to use an oblique approach than any other approach angle, x2 (6, 
N = 93) = 14.37, p < 0.05. 
Table 12 
Standardized Residuals (z-scores) for Approach Angle by Receiver Posture and Initiator Age/Sex 
Receiver Posture Initiator Sex Initiator Age 
Approach Fluke Head 
Angle Horz. Vent. Right Left Up Up Male Female C/J Subadult Adult 
Direct 2.24 -.75 -.59 -.69 -.93 -.62 .99 -.85 3.43 -.62 -.80 
Oblique -.43 .71 .40 -.10 .24 -.68 .26 -.22 -.21 * -.06* .26* 
Perpendicular -.06 -1.30 -.03 1.3 -.98 1.71 -.50 .43 -.92 .29 -.07 
Head-to-Head -.26 .02 -.78 -.91 1.2 .39 -.98 .84 -.67 .25 -.12 
* p < 0.05 
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Figure 15. Frequency distribution ofreceiver's targeted body part, as broken into regions. 
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However, when comparisons were made between the initiator' s angle of approach 
and the recipient's body part aggressed upon, significant relationships were discovered, 
x2 (12, N = 83) = 29.48, p < 0.01 (Fig. 17). Binomial test results showed significance 
between a head-to-head approach and aggression directed towards the rostrum and 
melon/face, z (6) = 5.30,p < 0.01, and a perpendicular approach directed towards the 
ventral, dorsal, and lateral sides z (10) = 2.85, p < 0.05. Additionally, head-to-head 
approaches were found to be directed more to the rostrum than the melon/face, z ( 6) = 
2.87,p < 0.01. Direct approaches were also significantly directed more towards the 
fluke/tail, though only 4 direct approaches were observed during the 97 events over the 
course of 27 bouts. There was no sig nificance found for an oblique approach, but this 
may be because oblique approaches were, by far, the most common and uniformly 
distributed, Kolgomorov-Smirnov z (96) = 4.61 , p < 0.01 (Fig. 18). 
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Behavioral Patterns within an Aggressive Bout 
The previous results were based on analysis of only the first frame of an 
aggressive event. Here, results are presented at the level of the aggressive bout as a 
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whole, rather than just one frame of each individual aggressive event. 33. 7% of 
aggressive behaviors were immediately followed by a separation ( either mutual or due to 
one individual leaving another) of the individuals involved in the bout, whereas only 
24.5% of aggressive behaviors were immediately followed by some sort of unification 
(pair swim, affiliative tactile contact, etc.) of the individuals involved in the bout. See 
Appendix B for a more detailed definition of these behaviors. 
It was found that behaviors categorized as "swim" significantly preceded, z (6) = 
3.67,p < 0.05, and succeeded, z (4) = 4.41 , p < 0.05, mouthing. "Swim" behaviors also 
significantly succeeded biting, z ( 4) = 4. l3, p < 0.05. "Directed" behaviors also both 
significantly preceded, z (6) = 3.69, p < 0.05, and succeeded, z (4) = 3.91, p < 0.05, head 
jerking and significantly preceded biting, z (6) = 5.22, p < 0.05. Body slamming was also 
significantly preceded by behaviors categorized as "directed," z (4) = 2.02,p < 0.05. 
Other aggressive behaviors significantly preceded raking, z (6) = 2.10, p < 0.05, while 
jaw popping was significantly succeeded by "general" behaviors, z ( 4) = 2. 85, p < 0. 05 
(see Table 13 for further details). 
Table 13 
Transitional Probabilities of Categorical Behaviors Preceding (a) and Succeeding (b) Aggressive Behaviors 
a) Mouth Jaw Pol! Head Jerk Bite Rake Hit Body Slam 
AGGRESSIVE -1.74 -0.45 -0.45 -0.56 2.10* -0.54 -0.54 
SWIM 3.67* 0.78 -0.78 1.06 -0.79 1.09 0.06 
DIRECTED 1.06 1.61 3.69* 5.22* 1.86 1.32 1.32* 
GENERAL 1.13 -0.35 -0.30 1.94 -0.30 -0.30 -0.30 
TACTILE -0.13 -0.52 -0.39 1.24 -0.35 -0.42 1.93 
* p < 0.05 
b) AGGRESSIVE SWIM DIRECTED GENERAL TACTILE 
Mouth -0.58 4.41 * 1.78 -0.09 -0.23 
Jaw Pop -0.39 0.53 -0.46 2.85* -0.36 
Head Jerk -0.39 -0.77 3.91 * -0.32 -0.36 
Bite -1.08 4.13* 1.65 0.52 1.38 
Rake -0.39 0.53 1.73 -0.32 -0.36 
Hit 1.60 0.13 1.20 -0.40 -0.43 
Body Slam -0.60 0.44 2.02 -0.51 1.20 
* p < 0.05 V, 
N 
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Fwther binomial tests were then performed to determine which of the individual 
behaviors within each significant behavioral category significantly preceded or succeeded 
the two most common forms of aggressive behavior, mouthing and biting. 
Mouth 
Prior sequential analysis revealed that "swim" behaviors significantly both 
preceded and succeeding mouthing. Comparisons were then made between each possible 
"swim" behavior and mouthing. It was found that separate (z (6) = 7.31, p < 0.05), pair 
swim (z (6) = 2.06, p < 0.05), and group swim (z (6) = 4.66, p < 0.05) all significantly 
preceded mouthing while solo (away) (z (6) = 2.22,p < 0.05), separate (z (6) = 10.30, p < 
0. 05), and group swim, (z (6) = 4.43 , p < 0.05) all significantly succeeded mouthing. 
Bite 
"Swim" behaviors were also found to significantly succeed biting. Closer 
analysi s revealed that solo (away) (z (6) = 5. 13, p < 0.05), separate (z (6) = 6.67, p < 
0.05), and pair swim (z (6) = 4.68,p < 0.05) all significantly succeeded an instance of 
biting. Only one observation of a "directed" behavior ( orient) preceded biting, (z ( 6) = 
14.43, p < 0.05). 
Behavioral Patterns within an Aggressive Event 
Because the data were coded in a frame-by-frame format, there was always the 
possibility that changes would occur from frame to frame across the duration of the 
aggressive event. Because sex and age class of the involved individuals as well as 
aggression type and approach angle were only scored once per event, these were not 
among the variables that changed within an event. However, posture of both the initiator 
and receiver as well as the receiver' s body part that was aggressed upon was likely to 
change over the course of an event. Figure 19 shows the average number of changes in 
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posture and body part that occur during an event, as determined by frame-by-frame 
analysis. See Appendix F for details of the number of frames per each aggressive event 
that was observed. 
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Figure 19. Frequency distribution of the average number of postural and body part 
changes within an event, given duration. 
Of the 97 aggressive events that were observed over the course of the study, 69 
(71 % ) showed at least one postural or body part change. Transitional probabilities of 
postural changes within an event given the starting posture and ending posture of the 
initiator and receiver are presented in Tables 14 and 15, respectively. Table 16 shows 
transitional probabilities of a change in the receiver's body part for events of mouthing 
and bi6ng. 
Table 14 
Transitional Probabilities of Initiator Posture for Mouthing and Biting 
Ending Posture 
Horizontal Ventral Right 
Starting 
Posture Mouth Bite Mouth Bite Mouth Bite 
Horizontal 0.3 1 0.00 0.08 0.00 0.08 0.00 
Ventral 0.00 0.00 0.50 0.00 0.00 0.00 
Right 0.25 0.00 0.00 0.00 0.25 0.00 
Left 0.50 0.00 0.00 0.00 0.00 0.00 
Fluke up 0.20 0.00 0.40 0.00 0.20 0.00 
Head u~ 0.50 0.00 0.1 7 0.00 0.33 0.00 
Left Fluke u~ 
Mouth Bite Mouth Bite 
0.31 0.50 0.23 0.50 
0.00 0.00 0.00 1.00 
0.00 0.00 0.25 0.00 
0.00 0.00 0.25 0.00 
0.20 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
Head u~ 
Mouth Bite 
0.00 0.00 
0.50 0.00 
0.25 0.00 
0.25 0.00 
0.00 0.00 
0.00 0.00 
V, 
V, 
Table 15 
Transitional Probabilities of Receiver Posture for Mouthing and Biting 
Ending Posture 
Horizontal Ventral Right Left Fluke UJ! Head UJ! 
Starting 
Posture Mouth Bite Mouth Bite Mouth Bite Mouth Bite Mouth Bite Mouth Bite 
Horizontal 0.13 0.00 0.25 0.20 0.13 0.00 0.25 0.20 0.25 0.40 0.00 0.20 
Ventral 0.00 0.00 0.00 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 
Right 0.50 0.50 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 
Left 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.67 0.00 
Fluke up 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 
Head UJ! 0.50 0.00 0.50 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Table 16 
Transitional Probabilities of a Particular Change in the Receiver 's Body Part for Both Mouthing and Biting 
Ending Body Part 
ventral/lateral/ pee fin/ dorsal peduncle/keel/ 
rostrum/chin melon/face dorsal side fin fluke 
Starting Body 
Part Mouth Bite Mouth Bite Mouth Bite Mouth Bite Mouth Bite 
rostrum/chin 0. 11 0.00 0.56 0.00 0.22 0.00 0. 11 0.00 0.00 0.00 
melon/face 0.22 0.00 0.11 0.50 0.33 0.25 0.00 0.00 0.33 0.25 
ventral/lateral/ 
dorsal side 0.09 0.00 0.00 0.00 0.27 0.00 0.09 0.00 0.55 1.00 
pee fin/dorsal 
fin 0. 14 0.00 0.00 0.00 0.43 1.00 0.00 0.00 0.43 0.00 
peduncle/keel/ 
fluke 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 
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Though none of the transitional probabilities are significant, it is important to note 
that the posture of an animal initiating an event of biting only changed three times over 
the course of 15 biting events that exhibited a change, likely because biting is such an 
instantaneous event. However, the posture of a recipient of biting changed twice as much 
within those 15 events. Also of interest is that receivers of both mouthing and biting 
rarely ended in the same posture in which they began. Body part changes are quite 
common throughout the duration of an event, likely because they are correlated with the 
movement and direction of travel of the involved animals, which also changes. Using 12 
randomly selected aggressive events (six lasting less than 4 sand six lasting longer than 4 
s) from the 69 events in which changes occuiTed (Appendix G), it was found that body 
part changed 38% of the time that initiator posture changed, <I> (1287) = 0.26,p < 0.01, 
and 35% of the time that receiver posture changed, <1>{1287) = 0.27,p < 0.01. For a 
more detailed example of these changes, please see Appendix G. 
CHAPTERIV 
DISCUSSION 
Sex Effects 
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Dudzinski (1996) suggested that groups of the same sex probably provide a less 
competitive atmosphere (at least in terms of reproduction) while heightened social 
activity with intersex groups might be more of a competitive situation for access to 
various different individuals. In this study, bouts between the sexes were observed more 
than bouts involving individuals of the same sex. However, this is contrary to the results 
of several captive studies among bottlenose dolphins. Samuels and Gifford (1997) found 
that male- male aggressive bouts were more frequent than female-female or male-female 
bouts. However, Weaver (2003) found that female pairs displayed higher rates of 
aggression than male or intersex pairs. This discrepancy between studies may simply be 
a consequence of group composition. The animals in Samuels and Gifford's ( 1997) study 
were predominantly female whjle Weaver's (2003) study population contained equal 
numbers of males and females. Given that the sex rati.o of the Mikura population is 1: 1 
(Kogi et al ., 2004), it is not likely that the results of this study were biased by the sex 
composition 9f the group. 
Sex differences were also found in the frequency of received aggression in this 
study. Adult dolphins of both sexes aggressed more toward females than toward males. 
Over their 13-year study in Shark Bay, Australia, Scott et al. (2005) reported that male 
juveniles had more rake marks than female juveniles, indicating that males might be more 
aggressive than females. However, it should be acknowledged that rake marks can also 
be the result of play between individuals so these results do not necessarily support the 
notion that males are the more aggressive sex. Female aggression in Shark Bay is more 
rare, though females receive aggression more often than males, primarily from juvenile 
and adult males (Scott et al., 2005). 
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Studies of aggression in other species have also shown differences between the 
sexes. Dittus (1977, 1979) documented higher rates of received aggression in juvenile 
female toque macaques (Macaca sinica) than in their male peers. In a study with lab rats 
(Rattus norvegicus), Blanchard, Fukunaga-Stinson, Takahaski, Flannelly, and Blanchard 
( 1984) found that males aggressed more toward female opponents who had aggressed 
upon them than toward other male opponents. Additionally, aggression between male lab 
rats was the most intense. In a later study, Blanchard, Flannelly, and Blanchard (1988) 
found that male lab rats have significantly higher levels of aggression across all ages. 
Comparatively, female aggression among .lab rats was extremely low. 
Age Effects 
One impo1tant observation to note is that no calves in Mikura were involved in 
any of the aggressive events or bouts. Dudzinski et al. (2009) reported that calves in 
Mikura might be less likely to leave their mother 's side due to various social and 
ecological pressures, such as sharks or the increased likelihood of aggression from male 
dolphins in the group. Dudzinski has also reported incidences of infanticide among the 
Mikura population, which might explain why calf presence in the area is rare. Another 
interesting result of this study is that no particular age class was more likely to be 
aggressed upon than any other, despite the fact that subadults outnumber the other age 
classes in this population (Kogi et al. , 2004). Samuels and Gifford (1997) found that 
aggressive rates of adult females were higher when their opponent was a juvenile female 
than when both partners were adults. This could have been an indication that the adult 
females were exerting their dominance over the juveniles but did not have such a 
dominance discrepancy when aggressing against another adult female. 
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ln other studies, age class has been shown to have an effect on aggressive 
behavior. Adult male harbor seals are considered more aggressive and assertive than the 
other sex or age classes (Sullivan, 1982) and are more often the initiators of aggressive 
bouts than are females (Neumann, 1999). Sullivan's (1982) study with harbor seals 
found that different aggressive acts were performed unequally by age classes, suggesting 
that certain age classes are more likely to use certain types of aggression. The three most 
severe agonistic behaviors (foreflipper scratch, closed-mouth head thrust, and open-
mouth head thrust) were displayed most frequently by adults. The most submissive 
behavior (move away) was used most commonly by pups and juveniles. Additionally, all 
age classes moved away when approached by adults more frequently than they did when 
approached by younger animals (Sullivan, 1982). A study of captive bottlenose dolphins 
found that rates of aggression were higher for juveniles ( 61 % ) than for other age classes 
(39%) (Holobinko & Waring, 2009), a trend also observed by Samuels and Gifford 
(1997). 
It is possible that juveniles within the Mikura population might not be as 
aggressive as has been suggested by studies of captive groups. However, more studies of 
aggression within this population are needed that focus specifically on juvenile 
aggression and the various factors that might play a role in such aggression. 
Evidence for a Dolphin Nursery at Mikura 
The results of this study show that females are involved in more aggressive bouts 
than males, regardless of whether the female was an initiator or receiver. Females were 
more likely to receive biting than mouthing but were more likely than males to receive 
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both mouthing and biting. This suggests that, not only are females in this population 
invo.lved in a greater number of aggressive bouts than males, but their bouts are more 
likely to involve a more severe type of aggression (biting) than bouts involving male 
recipients. One possible explanation for such heightened rates of aggression among 
females in thjs population is the protection of their young (Trivers, 1972). AduJt females 
with calves are the most frequent group type observed in this population (Dudzinski, 
1998b; Kogi et al. , 2004; Masaki, Hishii, Kurimoto, Yoshioka, & Kashiwagi, 2003); thus, 
most cases of observed aggression involving adult females might reflect reproductive 
conflict, as has been found in meerkats (Kutsukake & Clutton-Brock, 2008). Because 
this study focused specifically on the individual dolphins involved in aggressive bouts, 
any calves that might have been present nearby (with or without their mothers) were not 
noted. However, if Mikura is a nursery ground ("safe haven") for this population, this 
might explain the heightened aggression displayed among females. 
Dolphin nursery groups often distance calves from hazards associated with 
predation (Mann, Connor, Barre, & Heithaus, 2000) and males seeking mating 
opportunities (Wi.irsig & Wi.irsig, 1980), often using the protection of shallow ( < 20 m) 
water (Weir, Duprey, & Wursig, 2008). In otariids, female agonistic behavior during 
pregnancy and lactation is relatively widespread (LeBoeuf & Campagna, 1994). The 
intensity of female elephant seal aggression is greater during the breeding season than 
other times of year (Bartholomew, 1952; Christenson & LeBoeuf, 1977; LeBoeuf, 
1972). Pinniped pup survival is correlated with maternal aggressive defense of the pup 
immediately after birth since adult females will often attempt to attack and kill pups of 
females over which they are dominant (Christenson & LeBoeuf, 1978). One study of 
maternal aggression in lab rats indicated that female aggression increases within a few 
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days after parturition (Erskine, Barfield, & Goldman, 1978). In order to confirm that 
heightened female aggression in Mikura can be attributed to mothers protecting their 
calves, further analyses are required that take into account the presence of calves during 
bouts of female aggression. 
Female aggression could also be attributable to males seeking copulation. As 
Connor et al. (1992a, 1992b, 1996) have documented, male aggression among wild 
dolphins is likely related to attempts to enforce and maintain consortships with females. 
Scott et al. (2005) found that cycling female bottlenose dolphins were more likely to have 
new rake marks than non-cycling females. They suggested that females might receive 
more aggression from males when they near the onset of cycling. No data were available 
on the estrous eye.le of females in the Mikura population, and so there is no way to 
definitively determine the effect that cycling females could have had on male aggression. 
However, bouts involving both sexes might be a result of a male' s attempt at copulation 
and the female's subsequent defense, though very few instances of clear copulation (i.e. 
visible erection) attempts were observed in this study. 
Targeted Body Parts 
Though there was no relationship between the type of aggression displayed and 
the targeted body part(s) in this study, ce1tain body parts were more likely to be attacked 
given a particular angle of approach. Head-to-head approaches were most often directed 
to the rostrum and melon/face, while perpendicular approaches were most often directed 
towards the lateral, ventral, or dorsal sides. This indicates that, at least in the context of 
head-to-head and perpendicular approaches, aggressors are more likely to go after the 
more sensitive areas of the recipient's body (Kolchin & Bel'kovich, 1973; Ridgway & 
Carder, 1990). This could reflect an intent to inflict maximum damage or, in the case of a 
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head-to-head approach, simply be a result of the approach itself When approaching from 
the front, the recipient's rostrum or melon is the first area of the recipient's body with 
which the aggressor will make contact. Another potential explanation for head-to-head 
approaches being directed more towards sensitive areas of the body is that these 
approaches in and of themselves are more aggressive than an approach from another 
angle. A head-to-head approach may signify that a more severe type of aggressive 
behavior is forthcoming. If this is the case, it makes sense that more aggressive 
approaches would result in aggression directed towards sensitive body parts. 
In a prior study of aggression in dolphins, the greatest percentage of raking was 
directed toward the peduncle, followed by the dorsal fin, lateral side, and dorsal side 
(Scott et al. , 2005). Another study focusing specifically on the body parts targeted by 
aggression revealed that bites were most often directed toward the tail, followed by the 
dorsal fin, while hits were directed most toward the head and lateral side (Manuela & 
Raffaella, 2007). Holobinko and Waring (2009) found that captive bottlenose dolphins 
received events of mouthing most commonly at the fluke, peduncle, and rostrum. In a 
study with lab rats, Blanchard et al. (1988) found that 83-95% of all aggression-inflicted 
wounds across all ages were on the backs of individuals, considered to be the most severe 
type of attack (Blanchard et al., 1984). An earlier study revealed that male aggressors 
most commonly directed their aggression towards the back of their opponents while · 
females directed a greater percentage of their aggression towards the snout, head, and 
shoulder region (Blanchard et al., 1984). 
The dolphins in this population could also aggress upon the most sensitive areas 
of the recipient's body as a means of using the most energy efficient strategy for 
inflicting the most harm. Engaging in a fight requires energy expenditure on behalf of 
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both individuals involved, but particularly more so for the individual who initiates the 
fight. By attacking the most sensitive body areas, the initiator can inflict maximum 
damage and likely reduce the duration of the fight, thereby expending as little energy as 
possible while still achieving the desired result. For example, salamaders' tactics are to 
bite those areas of an opponent's body that i;night lead to long-term reduction in the 
opponent's fitness (Jaeger, 1981). However, the fact that the most common approach 
angle (oblique) was not associated with any pa1ticular body region suggests that these 
dolphins are not using a particular tactic, as do salamanders, when they aggress upon 
others. 
Duration of Bout 
In this study, bout duration was measured beginning 15 s before the first 
aggressive event through 15 s following the last aggressive event within the bout, 
provided that the animals were in view of the camera for the entire 15 s before and after. 
If this was not the case, the duration of the bout was necessarily restricted to the portion 
of time before and after aggressive behavior that the opponents were visible on camera. 
By definition, using such a measurement automatically creates a minimum bout duration 
of 31 s, though the opponents may only have been behaving aggressively for 1 s or less of 
that time. These restrictions may have precluded any relationship between age class, sex, 
or aggression type and bout duration. In a study of conflict among seven captive 
bottlenose dolphins, Holobinko and Waring (2009) observed a total of 414 aggressive 
instances. They found that individual aggressive events lasted an average of 19 s while 
aggressive bouts ranged from 1 s to 4 min in duration. In their study, the start of a bout 
was 1narked by the approach of one dolphin to another that resulted in physical proximity 
of less than 1. 5 m. The termination of a bout was characterized by at least one of the 
opponents swimming away or purposely distancing from the other by more than l. 5 m. 
66 
In Weaver' s (2003) study with captive dolphins, there were no differences in the 
length of a bout when the opponents were of the same sex ( either male-male or female-
female) or when the bout was between two individuals of different sexes. However, 
Weaver' s study required that the dolphins exhibit no aggressive behavior for a full 5 min 
i.n order for the aggressive bout to be considered over. Because her subjects were captive 
animals who could not "escape" being seen, this allowed for a more liberal measure of 
bout duration than was feasible in the present study. 
It is important to note that only 27 bouts were documented from video data 
recorded over the course of ten years in the present study. Although there was much 
variability in the length of bouts, ranging from less than 1 s to over 2 min, this variability 
was positively skewed (a majority of the bouts lasted less than 30 s). Since the 
aggressive bouts reviewed during this study likely only represent a small subset of the 
aggression that exists w ithin this population, it is difficult to discern exactly why the vast 
majority of observed bouts lasted less than 30 s. It is possible that the longer duration of 
bouts in Holobinko and Waring's study could be attributed to the fact that the animals 
were limited in their means of escape. However, the discrepancies in the measurement of 
bout duration between this study and Holobinko and Waring ' s might also indicate that 
using a definition involving distance between the opponents could be a more reliable 
method of calculating bout duration. Given this, more research is needed to determine 
exactly what factors might influence the duration of a bout of aggression as wel I as what 
factors should be considered when defining bout duration. 
Other Influencing Factors of Aggression: The Effects of Kinship and Dominance 
Kinship 
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Past research has suggested that levels of competition and aggression decrease 
when related individuals interact (Holmes & Sherman, 1983), such that aggression 
toward kin and non-kin might differ (Kurland, 1977). Kurland (1977) reported that 
although kinship does not reduce aggression among female Japanese macaques and their 
relatives, female aggression towards non-kin has been shown to result in more negative 
consequences for the recipients of aggression than aggression directed towards kin. This 
idea is further suppo1ted by results from a study with bonnet macaques (Macaca radiata) 
that found that females direct more severe forms of aggression towards non-kin than 
towards kin (Silk, Samuels, & Rodman, 1981 ), consistent with kin se.lection theory. 
Hanggi and Schusterman (1 990) also found that aggression was more common among 
non-kin than kin in a group of captive California sea lions (Zalophus californianus). 
The role of kinship in dolphin aggression is not clear. Though dolphins possess 
the ability to distinguish one another (Parsons et al., 2003; Sayigh et al., 1999), we do not 
know to what degree they are capable of kinship recognition. It has been suggested that 
relatives may be able to discern one another as kin on the basis of a selection criterion, 
such as acoustic identification of individuals (Parsons et al. , 2003; Sayigh et al., 1999). 
However, evidence of offspring recognition by fathers in mammals is sparse, especially 
in multi-male groups with a promiscuous mating system, like dolphins (Lehman, 
Fickenscher, & Boesch, 2006). Additionally, once calves mature, there is no evidence 
that either the calves or their mothers recognize their relation, though juveniles and their 
mothers remain loosely associated (Wells, 1991) . 
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Selection against kin-biased behaviors is expected where there is little variance in 
relatedness between community members (Parsons et al ., 1999). Adult male 
chimpanzees do not associate preferentially with females with which they have had 
offspring, but they are generally less aggressive towards any given female when she has a 
newborn infant (Lehman et al., 2006). Evidence based on direct observations and genetic 
analyses suggests that the male alliances of Sarasota Bay are not based on kinship 
(Connor et al., 2000). Examination of alliance membership and kinship in a population 
of wild Inda-Pacific bottlenose dolphlns in Australia supports these findings, as 
evidenced by a lack of preference for kin among allied males (Moller, Beheregaray, 
Harcourt, & Kri.itzen, 2001). It is more likely the case that dolphins base their 
relationships and social interactions on familiarity or unfamiliarity with other individuals, 
rather than actual genetic relatedness. 
Dominance 
Dominance has been shown to play a role in the aggressive behavior of a variety 
of species. In bonnet macaques, aggressive behaviors are focused primarily on unrelated 
and lower ranking females (Silk et al, 1981 ) . In his 1983 study, Dewsbury found that all 
types of aggressive behavior were higher for dominant male deer mice (Peromyscus 
manicu/atus) than for subordinates. Similar results were found by Blanchard et al. 
(1 988), who reported that dominant male lab rats were the most aggressive. 
However, dominance relationships among dolphins can be flexible (Johnson & 
Norris, 1986). For example, individual associations between some male dyads do not 
remain stable over years (for bottlenose dolphlns, Ostman, 1991 ; Samuels & Gifford, 
1997; Smolker, Richards, Connor, & Pepper, 1992; for Atlantic spotted dolphins, 
Dudzinski, 1996). Social relationships between individuals are dynamic and highly 
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dependent on social context (Connor et al., 2000), as well as sex, age, and body size (e.g., 
Ostman, 1991; Samuels & Gifford, 1997; Wells, Irvine, & Scott, 1980). Two captive 
males observed in Samuels and Gifford ' s study (1997) shared a dynamic dominance 
relationship that was characterized by periods of stability and low-level aggression. On 
occasion, there would be periods of intense competition between these males. Female 
relationships within this group were organized by age and were more stable than those of 
the males. Relatively low levels of aggression were observed .among the females in this 
study. Aggression between the sexes was characterized by seasonal peaks, and males 
were consistently dominant to females regardless of the circumstances. If dominance 
relationships exist within the Mikura population, aggressive acts should be more common 
within age classes because dominance ranking between individuals similar in size may 
not be well established (Sullivan, 1982). 
Because initiating a fight can increase a competitor' s chance of "winning" 
(Mcauley, Clugston, & Longcore, 1998), dominant animals might be more likely to 
initiate bouts of aggression. Additionally, dominant contestants will likely only exe1t 
time and energy to fight subordinate competitors that act aggressively in response, as was 
found for two different ant species (Tanner & Adler, 2009). Stel<lis, Brammer, Raleigh, 
and McGuire (1985) reported that initiated aggression, bouts ' 'won," and overall 
aggressive behavior were highly intercorrelated for all dominant males in a group of 
captive vervet monkeys. Given the focus of the current study and the difficulty in clearly 
defining a "winner" and " loser" ( e.g., Mcauley et al., 1998; Samuels & Gifford, 1997), no 
attempts were made to determine such distinctions within aggressive bouts or to analyze 
defensive versus offensive aggressive behavior, which has been shown to vary in lab rats 
(Blanchard et al., 1984). Therefore, any "winner/ loser" patterns or differences in 
behavioral sequences that could be the result of whether an animal is acting on the 
defensive or offensive cannot be assessed for this study. 
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While the possibility that kinship and dominance play a role in the aggressive 
interactions of this population merits further study, it cannot be addressed with the 
current data because kin relationships between individuals are unknown (aside from a 
few mother/calf relationships). No measurements have been taken on dominance and no 
genetic analysis has been performed among this population to determine kinship among 
associated individuals. Additional studies are needed in order to confirm the potential 
role that relationships between opponents may (or may not) play in aggressive 
interactions within this population. 
BehavioraJ Sequences 
One problem with characterizing aggressive events is the course of changes that 
occur within a single event. Frame-by-frame analysis revealed that many postural and 
body part changes occurred within an aggressive event. Overall, there were fewer 
changes observed for events of biting than for mouthing events. This is likely due to the 
fact that biting is a more instantaneous behavior and therefore, shorter in duration 
(although no such duration-aggression type correlation was found in this study). The 
receiver of a mouthing or biting event also rarely ended in the same posture in which they 
began. Such postural changes could represent an attempt to "get away" from the 
initiating aggressor. Since body part changes are correlated with postural changes ( of 
both the initiator and receiver), it may be that these changes are simply an rutifact of the 
movement of the involved individuals rather than a strategy used by the initiator to direct 
aggression towards specific body parts. 
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A few significant behavioral patterns were observed within aggressive bouts in 
this study, though caution must be noted when interpreting the results given the analysis 
methods and the low sample size of 27 bouts. Because behavioral sequences were 
calculated as dyads, the transitional probability matrix takes into account only the 
behavior immediately preceding and succeeding a mouth or bite. As such, no three-
behavior chains were analyzed. For example, in this study "swim" behaviors 
significantly preceded and succeeded events of mouthing, but there is no evidence that 
"swim" was more likely to follow a mouthing event given that "swim" ( or any other 
behavioral category) preceded the mouthing event. Further analyses are needed with a 
greater number of aggressive instances than occurred in this study in order to determine 
what behaviors are likely to succeed an aggressive event, given a certain behavior 
preceding the event, for this study group. 
Studies of aggressive behavioral patterns within other species have yielded 
interesting results. Open-mouth threats usually preceded biting during aggressive 
female-female encounters in crabeater seals, Lobodon carcinophagus (Siniff, Stirling, 
Bengston, & Reichle, 1979). Sullivan (1 982) found that a specific approach by an 
aggressor harbor seal elicits a characteristic and predictable response from a receiver. In 
this study, only 24.5% of observed aggressive acts were immediately followed by some 
so1t of affiliative ( or at least non-aggressive) behavior, including tactile contact and pair 
swimming. Separation after an aggressive event could signify the absence of any sort of 
reconciliation between the individuals involved in the bout. In this study, it appears that 
individuals involved in aggressive bouts reduce the tension of conflict by dispersal more 
so than a unification of the aggressive pair, which may be indicative of a more dynamic 
social structure. Dolphins that have fluid social associations are not likely to reconcile 
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since the availability of other social partners can outweigh the risks of approaching an 
aggressive conspecific to reconcile (Weaver, 2003). Similar results have been found for 
other species, including meerkats (Kutsukake & Clutton-Brock, 2008), where recipients 
of aggression that showed avoidance were less likely to be re-attacked than victims that 
did not avoid the aggressor. 
However, extending the sequential analysis beyond immediacy is likely to give 
researchers a better understanding of behavioral patterns (including any reconciliation 
that might occur) after a conflict. Holobinko and Waring (2009) found that post-conflict 
reconciliatory behavior among their captive bottlenose dolphin subjects was observed an 
average of 5 s following the end of a conflict, but there were also occasions in which the 
aggressive pair did not reconcile until 32 min after the cessation of aggressive behavior. 
Just as kinship and dominance likely play a role in the frequency of aggression, 
they also are likely factors in reconciliatory behavior (Aureli et al., 2002). Because 
reconciliation is determined by the nature and quality of the social relationships in which 
the individuals operate (de Waal & Aureli, 1997), related individuals and alliance 
partners should reconcile more than unrelated individuals that are not a part of an 
alliance. Therefore, post-conflict reunions should occur more often when the opponents 
are mutually valued social partners because a disturbance of a more valuable relationship 
results in a larger loss of benefits for both opponents (Aureli et al., 2002). Cordoni and 
Palagi (2008) found that wolves (Canis lupus) in a close relationship reconciled more 
often than wolves in weaker relationships. de Waal and Aureli's (1997) Valuable 
Relationship Hypothesis is further supported by the findings of a study done with 
common marmosets (Callithrix jacchusjacchus), in which kin, alliance partners, and 
potential mates reconciled proportionally more often than other dyads (Westlund et al. , 
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2000). In a study of Guyanese squirrel monkeys (Saimiri sciureus), Pereira et al. (2000) 
found that former opponents that maintained affiliative relationships engage in friendly 
interactions following agonistic interactions, whereas non-affiliated individuals, 
including virtually all male-female pairs, reconciled conflicts rarely. Matsumura (1996) 
found the same to be true for wild moor macaques. 
A study conducted by Kutsukake and Clutton-Brock (2008) found that meerkats 
reconcile only 1.6% of the time, likely because reconciliation attempts by lower-ranking 
animals do not modify the behavior of the dominant animal and, hence, do not resolve the 
conflict. Aureli et al. (1989) found that, among long-tailed macaques, losers of an 
agonistic interaction take the initiative to reconcile, presumably because their need for 
stress reduction is far greater than that of the winner. Similar results have also been 
reported for grey wolves (Cordoni & Palagi, 2008). It could be that, through 
reconciliation, the loser might increase its chances of receiving agonistic support in future 
conflicts. 
Sex differences have also been shown to affect reconciliatory behavior. Female 
chimpanzees reconcile less frequently after conflicts than do males (de Waal, 1989). 
Similar sex differences can be seen in rhesus monkeys, with male-male and male-female 
conflicts reconciled more often than female-female conflicts, likely because females 
share a similar rank in the group (de Waal, 1989). However, reconciliations among 
female stump-tailed monkeys (Macaca arctoides) are just as common as reconciliations 
between males (de Waal, 1989). This is likely a result of the fact that unity and 
cohesiveness are of particular importance for this species, as they move and rest in close-
knit groups in the wild, resolving conflicts with as little dispersal as possible (de Waal, 
1989). Similarly, studies of bottlenose dolphins (Weaver, 2003) and grey wolves 
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(Cordoni & Palagi, 2008) have confirmed the occurrence of conflict resolution among all 
relationship classes and group members, without obvious sex differences. 
Limitations of Data 
The major limitation to this study is that only the very first frame of each instance 
of aggressive behavior was analyzed to prevent data replication. Combined with the fact 
that only 27 aggressive bouts were observed, the results presented herein not only likely 
reflect a very small portion of the aggressive behavior within this population, but also 
reflect a mere fraction of that portion of aggressive behavior. Additionally, the results of 
this study provide information about individual aggressive events more so than 
aggressive bouts as a whole. Studies which account for all the various changes that occur 
within an aggressive event across all frames will likely yield much more detailed 
information than that obtained by this study. 
One potential challenge of collecting objective data while swimming among one's 
study subjects is the potential bias in the dolphins' behavior that could be a result of 
human presence. Since this population has been observed under water for many years, 
any effects were assumed to be minimal, as the dolphins have habituated to the presence 
of swimmers. However, if certain age classes or individuals are more amenable to human 
approach, there might be potential biases in that these individuals could be observed more 
on camera than more reserved individuals. Additionally, the presence of the boat (with or 
without swimmers in the water) cannot be ruled out as having a potential effect on the 
dolphins' behavior. 
Additionally, sampling was opportunistic and, therefore, certain bouts or 
aggressive acts could have occurred out of view of the camera. Since the primary interest 
of data collection was not the observation of aggression, it is likely that the results stated 
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here underestimate aggression within this population. Anecdotal observations reveal a 
vast number of rake marks on various body parts of many individuals in the population 
and, while it cannot always be confirmed that these marks are the result of true 
aggression or just rough play, they are suggestive of at least more acts of raking than 
were observed in this study. Furthermore, swimmers were only allowed in the water in 
ce1iain situations in which it was not likely that human presence would be disruptive to 
the dolphins' behavior (Dudzinski, personal communication). Ifthere was a lot of 
splashing or intense social or sexual behavior, swimmers did not enter the water, 
potentially contributing to the low frequency of aggressive behavior observed in the 
M ikura population. 
Many factors, including seasonal variation, maturation, and hormones ( as related 
to the reproductive cycle) have been shown to affect aggressive behavior for a variety of 
species, both aquatic and terrestrial (Cristo! & Johnsen, 1994; King, 1973; Neumann, 
1999; Torkarz, McMann, Seitz, & John-Adler, 1998; Woodley & Moore, 1999). The 
field season for the collection of the data used in this study was usually late April through 
December, weather-permitting. Since only three years of the data included winter 
months (1997-1999), when males are the most commonly observed sex (Dudzinski, 
personal communication), the observed aggression in this study might also be a function 
of seasonal effects. 
The behaviors observed in this study (both aggressive and non-aggressive) by no 
means represent a complete catalog of behaviors for this population. Instances of 
subadult aggression were far more frequent than caltljuvenile o r adult aggression, which 
may be a result of the fact that subadults outnumber all other age classes in ·this 
population (Kogi et al ., 2004). Therefore, aggression between subadults may be severely 
overestimated. Overall, there are a greater number of young males than females and a 
greater number of adult females than adult males. Analyses oftbe composition of this 
population have suggested that adult females with calves are the most frequently 
observed group type around Mikura (Dudzinski, 1998b ). Since there is unequal 
representation in age class and sex within this population, caution must be taken when 
interpreting the results as a certain age class or sex could be over- or under-represented. 
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In order to reduce the chances that aggression seen in this population could be 
attributable to play, all instances of aggressive behaviors occurring during a BBC of play 
were eliminated from the analysis. Therefore, aggression in this population could have 
been under-represented by excluding any aggressive behaviors that occuffed during the 
BBC of play. Similarly, the amount of aggression could also have been overestimated by 
unintentionally including bouts that were play rather than true aggression. While the 
BBC of the group as a whole may not have been play, there is still the chance that the 
observed animals were playing rather than being aggressive. As such, the frequency of 
aggression in the Mikura population could have been overestimated since the 
"aggressive" opponents may have actually been engaged in play. 
Play is one of the main alternatives to aggression, particularly amongst younger 
animals, which may explain why no aggression involving calves and very few instances 
of aggression involving juveniles were observed in this study. Any seemingly aggressive 
behavior for calves and juveniles may have fallen under the BBC of play, since that is 
when aggressive behaviors are most likely to be used among younger animals, and 
therefore, eliminated from the analyses. Such aggressive play in young animals could 
serve as preparation for mature activities in adulthood, in which the real activity 
(aggression) would take the place of the "practice" behavior (play-fighting) (Coelho & 
Bramblett, 1982; Harcourt, 1991). 
77 
Subadults had a higher frequency of aggressive behavior than other age classes in 
this population; however, they were not more likely to aggress upon any one age class 
over another. It is possible that instances of subadult aggression might have actually 
been play, despite the fact that the BBC of the group was not classified as play. It has 
been suggested that play serves several functions, including the establishment of an 
animal' s role in a dominance hierarchy (Palagi, Cordoni, & Borgognini Tarli, 2004; 
Smith, Fantella, & Pellis, 1999). Play might also allow animals to test their own 
capabilities relative to other animals in the group (Thompson, 1998). Both of these ideas 
offer a potential explanation as to why the frequency of aggression involving subadults in 
this population was so much higher than in other age classes. 
Play might also explain why an oblique approach angle was the most common 
approach type observed over the course of this study. Dudzinski (1 998a) has observed 
oblique approaches most often during play bouts, particularly among juveniles, 
suggesting that an oblique approach may serve as a play signal to indicate to another 
individual that the subsequent actions are play, rather than aggression (Bekoff, 1984; 
Fagen, 1981). Contrarily, perpendicular and head-to-head approaches were observed 
only during aggressive interactions (Dudzinski, 1998a), lending further support to the 
idea that these approaches in and of themselves are generally more aggressive. 
lt is al so possible that the frequency of aggression observed in this population is 
biased by the definition of aggression that was used. For example, chases between 
animals can often be a part of aggressive behavior (Dudzinski , 1998a), but the definition 
of aggression in this study was restricted to physical contact and any preceding threat 
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displays (see Table 1). Dolphins might use more subtle behaviors to indicate aggression 
or to warn others of impending aggressive behavior that are not obvious to human 
observers. Perhaps threats and postures are much more common in this population, 
although they may not be followed by any physical aggressive action. In this situation, it 
would appear that aggressive threats and postures serve as a warning to other individuals, 
potentially preventing physical aggression. 
Because of these various limitations in data collection and analysis, the generality 
of these results is limited. In order to lend support to the findings of this study, additional 
research is needed that is focused specifically on aggression, using data collected for that 
purpose alone. Such studies could yield a higher frequency of aggressive bouts within 
this population and might allow for observation of aggressive behavior and any related 
factors in greater detail. 
i 
I 
CHAPTERV 
CONCLUSIONS 
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The results of this study provide a foundation of aggressive behaviors within this 
population, which could serve as a basis for further study. Collectively, the results 
demonstrate that dolphin aggression varies depending on a number of factors in relation 
to both the initiator and receiver of the aggressive act. However, this only scratches the 
surface of aggressive behavior in dolphins. Vocal signals accompanying any of the 
documented behaviors were not examined so any correlation between vocalizations and 
aggressive behavior cannot be assessed. Likewise, potential kin relationships between 
opponents in an aggressive bout in this population remain unknown. More detailed 
studies (both wild and captive) that take dominance, kinship, and vocalizations into 
account could provide additional information about the influencing factors of aggressive 
behavior in delphinids. While this study has addressed some preliminary questions, 
additional research on other populations is needed in order to clarify the generality of 
these findings and the overall significance of behavioral context on aggressive behavior 
in dolphins. 
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APPENDIXB 
GLOSSARY OF DEFINITIONS 
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measured frame-by-frame: all frames between the first frame in 
which an aggressive act was initiated between two or more animals 
and the frame in which the animals involved separated or ceased 
aggressive behavior for at least 5 s, or moved out of view of the 
camera 
measured in seconds: 15 s before the first aggressive event 
between two or more animals through 15 s in which no aggressive 
behavior was observed following the last aggressive event; if the 
aggressive opponents were not in view of the camera for the entire 
15 s before and after, the duration of the bout was necessarily 
restricted to the portion of time before and after an aggressive 
event that the opponents were visible on camera 
any solo behavior (mutual or due to one dolphin leaving another at 
a distance greater than one body length) following an aggressive 
event; includes solo swims, solo surfacing, and avoidance 
any post-conflict affiliative behavior between opponents 
immediately following an aggressive event; includes tactile 
contact, synchronous behavior, pair swims, and group swims 
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APPENDIXC 
NUMBER OF MINUTES OF DATA ANALYZED 
Total Minutes of 
Total Minutes of Minutes With BBC Video Analyzed in 
Year Video Data Collected as "Play" This Study 
1997 79.27 24.07 55.20 
1998 272.60 158.30 114.30 
1999 98.63 18.75 79.88 
2000 130.07 33.00 97.07 
2001 87.13 22.00 65.13 
2002 311.15 89.00 222.15 
2003 354.05 107.00 247.05 
2004 229.32 33.00 196.32 
2005 576.03 59.00 517.03 
2006 736.92 23.00 713.92 
2007 454.67 0.00 454.67 
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APPENDIX E 
STILL-FRA.ME SHOTS OF AGGRESSIVE EVENTS 
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APPENDIXF 
NUMBER OF FRAMES PER EVENT 
Event Number Event Number Event Number 
No. of Frames No. of Frames No. of Frames 
1 53 20 120 39 108 
2 9 21 10 40 36 
3 43 22 22 41 95 
4 70 23 27 42 74 
5 22 24 12 43 59 
6 262 25 15 44 16 
7 7 26 85 45 73 
8 7 27 49 46 71 
9 4 28 31 47 18 
10 12 29 11 48 90 
11 3 30 25 49 49 
12 3 31 60 50 23 
13 22 32 24 51 130 
14 34 33 3 52 28 
15 11 34 21 53 40 
16 31 35 113 54 40 
17 12 36 35 55 175 
18 8 37 11 56 4 
19 196 38 136 57 162 
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APPENDIX F (continued). 
Event Number Event Number Event Number of 
No. of Frames No. of F rames No. F rames 
58 45 72 64 86 169 
59 63 73 142 87 59 
60 28 74 65 88 59 
61 26 75 54 89 23 
62 19 76 21 90 28 
63 34 77 13 91 107 
64 33 78 62 92 5 
65 17 79 30 93 39 
66 47 80 69 94 7 
67 7 81 12 95 28 
68 35 82 27 96 55 
69 82 83 17 97 39 
70 35 84 25 
71 97 85 9 
Mean = 48 .52 
Std Dev = 47.57 
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APPENDIXG 
SAMPLES OF CHANGES OCCURRING WITHIN AGGRESSIVE EVENTS 
Random sample of postural and body part changes that were observed amongst aggressive 
events lasting less than four seconds. 
Event Occurrence 
Aggressive Duration Within Initiator Recipient Receiver 
Event {sec} Event Posture Posture Bod! Part 
Mouth <0:01 START horizontal fluke up melon/face 
END fluke up fluke up rostrum 
Mouth <0:02 START head up fluke up rostrum 
head up fluke up melon/face 
head up left melon/face 
END head up horizontal melon/face 
Mouth <0:02 START head up fluke up melon/ face 
ventral fluke up melon/face 
right horizontal melon/face 
ventral horizontal melon/face 
END ventral horizontal rostrum 
Mouth <0:03 START head up horizontal peduncle 
head up right peduncle 
END horizontal fluke up peduncle 
Bite <0:01 START horizontal ventral pee 
END horizontal left pee 
Bite <0:02 START horizontal horizontal chin 
horizontal fluke up chin 
END horizontal left chin 
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APPENDIX G (continued). 
Random sample of postural and body part changes that were observed amongst 
aggressive events lasting more than four seconds. 
Event Occurrence 
Aggressive Duration Within Initiator Recipient Receiver 
Event {sec} Event Posture Posture Bod! Part 
Mouth <0:05 START horizontal horizontal melon/face 
horizontal horizontal lateral side 
horizontal horizontal peduncle 
horizontal horizontal fluke/tail 
horizontal fluke up dorsal side 
horizontal fluke up dorsal fin 
horizontal fluke up melon/face 
horizontal fluke up lateral side 
END horizontal fluke up peduncle 
Mouth <0:05 START fluke up head up melon/face 
fluke up right melon/face 
fluke up head up chin 
fluke up head up rostrum 
fluke up right melon/face 
fluke up right chin 
ventral right ventral/belly 
ventral ventral keel 
END ventral ventral peduncle 
Mouth <0:05 START fluke up fluke up peduncle 
END fluke up horizontal melon/face 
Rake <0:09 START fluke up horizontal dorsal fin 
left horizontal melon/face 
left head up melon/face 
END head up head up melon/face 
Bite <0:05 START horizontal horizontal dorsal side 
right horizontal dorsal side 
E"t',U) fluke up fluke up dorsal side 
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APPENDIX G (continued). 
Event Occurrence 
Aggressive Duration Within Initiator Recipient Receiver 
Event {sec} Event Posture Posture Bod;y Part 
Bite <0:06 START left fluke up lateral side 
fluke up fluke up melon/face 
fluke up fluke up dorsal side 
left fluke up dorsal side 
fluke up left pee 
fluke up left ventral/belly 
fluke up left lateral side 
fluke up left peduncle 
END fluke up head up peduncle 
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